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Aspects of the ecology of a long-tailed bat Chalinolobus tuberculatus (Gray, 1843) 
population in a highly fragmented habitat. 
by Richard Griffiths 
The two species of bats that still survive in New Zealand are both believed to 
be threatened. Both have suffered extensive habitat loss since humans arrived in 
New Zealand and have subsequently declined significantly. Their current 
conservation status is unknown and what is known of their ecology is largely 
anecdotal. Threats to populations have yet to be determined but introduced 
mammalian predators are suspected as potentially having an impact. South 
Canterbury, which retains very little indigenous forest surprisingly retains a 
population of long-tailed bats (Chalinolobus tuberculatus). 
Between January 1994 and June 1995, the distribution and abundance, habitat 
use, activity patterns and roost selection of this population was assessed by radio-
tracking, automatic monitoring of echolocation calls and direct observation. Most of 
the field work was carried out in two very dissimilar areas; Peel Forest (the largest 
indigenous forest remnant in South Canterbury) and Hanging Rock (retains no 
indigenous forest but is characterised by extensive outcrops of limestone). 
Contrary to expectation, bats were found to be more abundant in the Hanging 
Rock area than at Peel Forest. Feeding rates were similar in both areas and bats 
followed parallel nocturnal and seasonal activity patterns to other temperate 
insectivorous bats indicating that food was not a limiting resource. Although bats 
preferentially foraged in certain habitats they were flexible about the type of habitat 
they foraged in suggesting that suitability of foraging habitat was not a limiting 
factor. Subsequently, roost site security was identified as the primary influence on 
the distribution of bats in South Canterbury. At Hanging Rock, bats roosted in 
crevices in limestone outcrops that were inaccessible to ground predators. This 
argument was extended to explain how long-tailed bats have persisted in South 
Canterbury. 
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Chapter 1 
Introduction 
New Zealand is a chiropteran outpost. Only three species, the long-tailed bat 
(Chalinolobus tuberculatus Gray, 1843), the lesser short-tailed bat (Mystacina tuberculata 
Gray, 1843) and the greater short-tailed bat (Mystacina robusta Dwyer, 1962), 
constitute New Zealand's entire bat fauna (Daniel, 1990). Furthermore these bats are 
also New Zealand's only indigenous terrestrial mammals, which has been attributed 
to the timing of New Zealand's separation and subsequent isolation from the 
supercontinent Gondwanaland. 
Bats comprise a very poorly understood component of New Zealand's fauna. 
1 
This is primarily due to past difficulties associated with studying small volant, 
nocturnal animals but, until recently, there has also been a general lack of interest in 
New Zealand bats. Research to date has generally focused on the short-tailed bat 
(O'Donnell, 1993). Short-tailed bats belong to the endemic family Mystacinidae, 
which possess several unique characteristics not found in any other bat species. In 
contrast, long-tailed bats are part of a near cosmopolitan family, the Vespertilionidae, 
and belong to a genus containing six species distributed between Australia, New 
Guinea,New- Caledonia and New Zealand (Hill and Smith, 1984). 
Greater short-tailed bats are now presumed extinct and lesser short-tailed bats 
are predominantly restricted to offshore islands (Daniel, 1990; Molloy, 1994). Long-
tailed bats are still relatively widespread in New Zealand but remaining populations 
have become increasingly fragmented and there has been a marked reduction in their 
overall range (O'Donnell, 1993). Evidence suggests there has been a significant 
decline in their numbers since last century (Dwyer, 1962; Daniel and Williams, 1981; 
Higham, 1992; O'Donnell, 1993). The number of bats in most roost sites reported 
over the last 30 years is between 1 and 50 and averages just ten individuals, whereas 
some bat roosts last century, were observed to contain "hundreds" and "thousands" of 
bats (Daniel, 1990). 
2 
Recent surveys of parts of the West Coast and Nelson Lakes districts suggested 
that the decline in long-tailed bat populations continues. These surveys found long-
tailed bats to be rare in areas where they were recorded in the 1960s and 1970s 
(Molloy, 1994). Consequently, the long-tailed bat is listed as threatened by Bell 
(1986). The species is now designated by the Department of Conservation as 
Category B "second priority species for conservation action" (Molloy and Davis, 1992). 
Recovery programmes will not be implemented until the st?\tus of long-tailed bats 
and threats faced by populations have been determined. Priorities outlined in the 
draft "Bat Recovery Plan" (Molloy, 1994) are to maintain safe island populations and 
survey and monitor mainland popUlations. 
Critically, it is unknown whether long-tailed bat populations are continuing to 
decline. The ecology and behaviour of long-tailed bats is also very poorly 
understood. Past studies of the distribution, activity patterns and roost selection of 
the long-tailed bat rely almost exclusively on anecdotal information and consequently 
have been generally descriptive (Dwyer, 1962; Daniel, 1970; Daniel, 1981; Daniel and 
Williams, 1981; Daniel and Williams, 1984; Daniel, 1990). Little is known of their 
foraging and roosting requirements and although they have been recorded from a 
variety of habitats, the relative importance of different habitat types has never been 
established (O'Donnell, 1993). 
In the past several years there has been an increased awareness of and interest 
in long-tailed bats. This project now accompanies three other studies undertaking 
research on aspects of long-tailed bat ecology. Important components of research in 
the Eglinton Valley, Fiordland (c. O'Donnell, in prep.) are to determine the status of 
long-tailed bats and the threats facing bat populations. Research is also underway on 
predators and roost sites of long-tailed bats in the Urewera National Park a. 
McLennan, in prep.) and the ecology and behaviour of long-tailed bats, in the 
Urewera National Park (N. Gillingham, in prep.). 
Long-tailed bats are primarily inhabitants of native forest (Daniel and Williams, 
1981) and presumably the most important reason for their decline has been the rapid 
large scale forest clearance since the arrival of Europeans in New Zealand last 
century. The distribution of long-tailed bats in New Zealand, which is generally 
restricted to areas where indigenous forest still persists, seems to support this 
(Dwyer, 1962) (Fig. 1). With the rate of forest clearance in New Zealand now 
substantially reduced, predation by cats (Felis catus), stoats (Mus tela erminea) and rats 
(Rattus exulans, R. rattus and R. norvegicus) may now be the major threat facing long-
tailed bat populations. Other possible factors responsible for their decline include 
human disturbance at roost sites, reduced invertebrate densities stemming from 
heavy browsing of forest (Molloy, 1994) and secondary poisoning from the 
consumption of pesticide contaminated insects (Hamilton-Smith, 1979; Clark, 1981). 
3 
In the South Island east of the Southern Alps, long-tailed bats are known from 
only two disjunct areas: South Canterbury and Southland. The South Canterbury 
long-tailed bats occur in a non-forested habitat and one of the major aims of this 
study was to determine how they have persisted in this landscape since forest 
clearance. South Canterbury appears to be the only largely non-forested area still 
known to harbour a long-tailed bat population (Dwyer, 1963; Daniel and Williams, 
1984). The South Canterbury population is at low density and is highly fragmented. 
Relative to populations at higher densities, in less modified habitats, the limiting 
factors on the South Canterbury population were expected to be __ of high intensity 
(O'Donnell, 1993). These factors coupled with the easy accessibility of the population 
created an ideal opportunity to obtain crucial information for the conservation 
management of the species. 
This study aimed to provide information at two levels: 
1. Concurrent studies on long-tailed bats focus on populations at higher densities 
and inhabiting relatively unmodified habitats. Comparisons between these 
populations and the South Canterbury one may allow easier identification of 
important factors influencing long-tailed bat populations (O'Donnell, 1993). It is also 
likely that the factors that threaten bats will be more intensive in South Canterbury 
than in the largely forested areas where other studies are being conducted. Hence 
they may be more discernible. 
4 
2. Identification of important roost and habitat types in the South Canterbury area 
which, along with other information obtained in this study, will provide information 
on how to protect and enhance this vulnerable population. 
The primary aims of this research were to study aspects of the ecology of a 
long-tailed bat population, to identify threats to the South Canterbury bat population 
and to determine the factors that have allowed long-tailed bats to persist in South 
Canterbury. 
There is little biological information available on long-tailed bats and what 
exists is fragmentary, mostly anecdotal and not in habitats of this type. 
Consequently, this study was primarily a baseline study and was broad rather than 
deep. Much of the time was spent developing search and study methods for the 
species. 
The specific objectives of this research were: 
1. Map the distribution of long-tailed bats in South Canterbury. 
2. Describe the demographic structure of the population. 
3. Identify p9-tterns of habitat use. 
4. Document nightly and seasonal activity patterns. 
5. Determine important roost sites. 
This thesis is divided into seven chapters. Chapter 2 describes the Geraldine 
region of South Canterbury where this study was based, and the two study areas, 
where most of the field work was undertaken. Chapter 2 also outlines the general 
methods used during the course of the study. Chapter 3 looks at distribution and 
abundance and discusses the factors likely to influence the distribution of long-tailed 
bats in South Canterbury. Chapters 4, 5 and 6 focus on particular aspects of their 
ecology. Chapter 4 looks at their activity patterns, Chapter 5 at patterns of habitat 
utilisation and Chapter 6 their roost selection. Chapter 7 reviews the previous four 
chapters and provides recommendations for future research and the conservation of 
long-tailed bats. 
5 
N 
A 
100 km 
New Zealand, showing distribution of long-tailed 
bats and indigenous forest cover. Bat records from 
1980-1992 are taken from Molloy (1994) and forest area 
from Newsome (1987). 
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Chapter 2 
Study Area and General Methods 
Study Area 
Although the study was based in the Geraldine district of South Canterbury, the 
majority of field work was carried out in two study areas within the region. These 
were: Peel Forest, which is the largest remaining area of indigenous forest in South 
Canterbury, and Hanging Rock, which has no indigenous forest cover but is 
characterised by extensive limestone outcrops. The two areas, which are 42 km apart, 
are dissimilar but long-tailed bats are present in both localities. 
Geraldine District, South Canterbury 
Location and topography 
The Geraldine district of South Canterbury lies approximately half way down 
the eastern side of South Island, New Zealand, 100 km east of tIie main divide (Fig. 
2). The dominant landscape features of the region are its flood plains created by the 
Rangitata, Opihi and Orari rivers which are flanked to the east by the Pacific Ocean 
and to the west by rolling downlands that sprawl at the base of the Four Peaks and 
Mount Peel Ranges (Daniel and Williams, 1981). At their widest the plains extend 25 
km and rise locally to a height of 300 m above sea level before merging into the 
downlands which rise further to 800 m (asl) (Daniel and Williams, 1984). Rivers 
carve steep gorges through the downlands but, on reaching the plains, open out and 
are supplanted by wide, meandering braided river beds. The southern third of the 
Geraldine district, particularly the Kakahu, Rainc1iff, Pleasant Point area is 
characterised by extensive outcrops of limestone and sandstone (Daniel and Williams, 
1984). 
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Figure 2. Map of the Geraldine region of South Canterbury showing location of 
study areas and places mentioned in the text. Map adapted from Daniel and 
Williams (1981). 
9 
Vegetation 
Before human settlement, the vegetation of South Canterbury was largely 
lowland podocarp /broadleaf forest, with scrub and tussock grasslands predominating 
at higher altitudes. This has been almost entirely replaced by pasture, crops and 
forestry plantations of Pinus radiata. However, on the downlands, a few scattered 
forest remnants remain. Notably, Peel Forest (773 ha) and Talbot Forest (16 ha) 
include the only dense stands of podocarp /broadleaf forest remaining in Canterbury 
today (Kelly, 1972). Pioneer Park (287 ha) and Kakahu State Forest (2380 ha), once 
also podocarp /broadleaf forest, are now largely planted in Pinus radiata. 
Regenerating native scrub is present in many of the river gorges but willows, gorse 
and broom have largely taken over the river beds on the plains (Daniel and Williams, 
1981). 
Climate 
Inland areas of South Canterbury are characteristically hot and dry during 
summer and relatively cold in winter. Severe frosts and snowfalls are common in 
winter. In coastal areas of South Canterbury, these extremes are moderated by the 
presence of the sea and summer and winter temperatures are milder. Annual rainfall 
for the region ranges from 500-1000 mm and increases from east-to west (Tomlinson, 
1976). 
Peel Forest 
Location and topography 
Peel Forest Park is located 25 krn north of Geraldine (longitude East 171°14' 
latitude, South 43°54') where the Mount Peel Range merges into the Canterbury 
Plains (Fig. 2). The park (773 ha) encompasses the south-eastern slopes of Little 
Mount Peel and extends from the summit (1311 m) down to the southern bank of the 
Rangitata River. Lowland podocarp /broadleaf forest covers the lower slopes of Little 
Mount Peel which gives way to snow tussock (Chionochloa spp.) and Dracophyllum 
vegetation (Oracophyllum spp.) above 600 m. To the north and west, Peel Forest Park 
is surrounded by tussock grasslands in pastoral lease (Kelly, 1972). To the east, the 
park is bordered by the Rangitata River and to the south by farmland. 
Plate 1. Edge of Peel Forest. Photograph looks out over the camp-ground to 
the Rangitata River and onto the plains. (photo: Department of Conservation, 
South Canterbury). 
Vegetation 
10 
The forest is a remnant of the mixed podocarp Ibroadleaf rainforest that was 
once extensively distributed across South Canterbury (Plate 1). Much of the present 
day vegetation in Peel Forest is secondary due to fires and extensive milling last 
century (Mass am, 1986) and scattered emergent podocarps amongst low kotukutuku 
(Fuchsia excorticata) and mahoe (Melicytus ramiflorus) mixed broadleaf forest 
constitutes the predominant vegetation in Peel Forest. Two areas of untouched 
podocarp Ibroadleaf forest (44 ha) still remain in Mills Bush and Dennistoun Bush. 
These areas, consisting of unmilled kahikatea (Podocarpus. dacrydiodes), matai (P. 
spicatus), totara (P. totara), pokaka (Elaeocarpus dentatus) and many broadleaf species, 
provide almost perfect examples of the original forest (Kelly, 1972). 
Climate 
Peel Forest Park, like most other upland areas in the South Island, has a 
variable climate. Winds fluctuating between south and nor-west have a large 
influence on local weather conditions such as temperature and precipitation. A mean 
11 
annual rainfall of 1000 mm or more at Peel Forest and 890 mm at Mount Peel Station 
(only 8 km away) highlights the drying effects of the NW wind. Mount Peel Station 
is exposed to the nor-west winds whereas Peel Forest Park's southerly aspect means 
that it avoids these (Massam, 1986). A moist climate is recognised as the principal 
factor contributing to the great richness and diversity of plant life found within the 
park (Molloy, 1983). 
European history 
Peel Forest Park was established in 1908 when 194 ha of land was set aside as a 
scenic reserve. Public pressure, as a result of continued logging in the area, led to 
the Peel Forest Act being passed in 1926 that increased the reserve to 513 ha and 
gave control to a park management board. Further additions (Dennistoun bush in 
1967 and a few other small areas) resulted in Peel Forest Park becoming one of the 
largest remaining forest remnants east of the Southern Alps with a total area of 773 
ha. In 1981, management of the park was handed over to the Department of Lands 
and Survey and later to the Department of Conservation (Massam, 1986). 
Present use 
Peel Forest is a popular recreational area with an estimate-d- 60,000 visitors a 
year. The Department of Conservation runs a camp ground in the Park and a 
number of tracks run through the reserve. 
Hanging Rock 
Location and topography 
Hanging Rock (longitude East 170°01' latitude, South 44°11'), situated 21 km 
south east of Geraldine (Fig. 2), is typical of the southern third of South Canterbury, 
which is characterised by extensive limestone and sandstone bluff systems (Plate 2). 
The Hanging Rock area is centred on the Opihi River system just below the junction 
of the Opuha and Opihi Rivers. 
Vegetation 
Plate 2. Hanging Rock area. Photo is from top of 
limestone scarp looking down to areas of willow 
copse and the Opihi River. (photo: J. Talbot). 
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The Hanging Rock area has been highly modified by agriculture and no 
indigenous forest remains in the area. The only areas of native vegetation are widely 
scattered patches of regenerating scrub consisting largely of ti (Cordyline australis), 
Coprosma spp. and mahoe. The riparian zones along the Opihi River have been 
planted with willow (Salix spp.) and alder (Alnus spp.) by the Regional Council as a 
buffer against flooding. Broom (Cytisus scoparius) and gorse (Ulex europaeus) have 
colonised parts of the river-bed but are generally cleared when the river is in flood. 
Small forestry plantations (predominantly Pinus radiata but also Euclyptus spp.) have 
been planted in the last 30 years. 
Climate 
Hanging Rock is 26 km from the coast and therefore experiences the cold 
winters and warm summers (mentioned above) that are characteristic to parts of 
inland South Canterbury. 
Present use 
13 
The primary land use in the area is pastoral grazing although a small 
percentage of the area is used for grain and root crops and small areas are now being 
planted for forestry. 
14 
General Methods 
Detecting and monitoring bats 
As bats can usually be seen only for a brief period at dusk and dawn, visual 
observations give limited information on their behaviour and ecology. However, the 
problem is considerably attenuated by the use of bat detectors which are able to 
transform ultrasonic frequencies to audible sounds. Bats navigate by echolocation. 
They accomplish this by emitting intensely loud, high frequency (ultrasonic) pulses of 
sound (O'Donnell, 1993). These calls are above the hearing range of most humans 
(above 20 kHz) (Hill and Smith, 1984) but can be picked up by a bat detector. 
The bat detector chosen for use in this study was the Batbox III (Stag 
Electronics, Cornwall, England) because it was inexpensive and has been shown to be 
more sensitive to the echolocation calls of long-tailed bats than other models (S. 
Parsons pers. comm.). This model is also used by the Department of Conservation 
and other bat researchers in New Zealand, which facilitates the comparison between 
studies. 
The structure of calls from echolocating bats varies widely-and many species 
can be recognised by the specific frequency at which their call is loudest (O'Donnell, 
1993). The peak echolocation frequency of long-tailed bats is c.40 kHz which 
contrasts with _the 27 kHz for short-tailed bat calls (O'Donnell and Sedgeley, 1994). 
Hence bat detectors in this study were set to 40 kHz. At this frequency, Batbox III 
detects long-tailed bats at approximately 50 m, although this is dependent on the 
bat's behaviour and subsequently the strength of its echolocation calls (O'Donnell and 
Sedgeley, 1994). 
Automatic bat monitors 
In the past, using bat detectors to accumulate information has necessitated the 
presence of an observer and has therefore been very labour intensive (O'Donnell and 
Sedgeley, 1994). Recently, O'Donnell and Sedgeley (1994) developed an automatic 
bat detection system that allows the continuous recording of bat activity through the 
night. This system, which was used for the automatic monitoring in this study, 
consists of a bat detector connected to a battery via a voltage regulator!, a voice 
activated tape recorder and a talking clock (Plate 3). The equipment is placed in a 
water proof container (Plate 4), which can then be left out all night. 
15 
When a bat flies past, the clicking from the bat detector is recorded by the voice 
activated tape recorder and an indication of time is given by the talking clock, which 
announces the time once an hour which is similarly recorded. The clock was set so 
that sunset was equivalent to 00:00 hours and accordingly hours after sunset would 
be recorded. There is variation in recording levels between different tape recorders 
(M. Douglas, pers. comm.), so only Sony TCM-85V tape recorders were used in this 
study. The same model is being used in other New Zealand studies. 
Plate 3. Composition of automatic bat monitors. Photo shows bat 
detector (top right), talking clock (top left), tape recorder (bottom right), 
battery (bottom left) and voltage regulator (centre). 
[The voltage regulator provides a constant voltage to the bat detector, thus ensuring the bat 
detector has a constant sensitivity. 
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Bat detectors also occasionally vary in their sensitivity (O'Donnell and Sedgeley, 
1994) and therefore, although all four automatic monitors used in this study 
contained identical equipment, the equivalence of automatic monitors was tested in 
the field. Automatic monitors were set up in pairs to test whether they were 
recording the same levels of bat foraging activity. Testing was carried out over four 
nights and pairs were switched each night to confirm that all four bat monitors were 
recording the same activity levels. No significant difference (Mann-Whitney U-test, p 
always >0.231) between any two bat monitors was found. 
Plate 4. Automatic bat monitor setup. Bat detector on right is 
positioned in front of an opening in the side of the container. 
Results were recorded as the number of bat passes and feeding buzzes/hour. A 
bat pass is simply the train of echolocation calls produced by a bat as it flies past the 
detector. Feeding buzzes can be distinguished from bat passes by their much faster 
rate of echolocation calls that sound not unlike a buzz when heard on the bat 
detector. 
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Capture of bats 
Initially, I attempted to catch bats in 32 mm mesh mistnets arranged in 
overlapping tiers on a rig similar to the design of Whitaker (1972). Attempts at 
catching bats using mistnet rigs were carried out in the Peel Forest sampling area for 
34 nights between October and December 1994. However, no bats were captured. 
No bats were recorded flying within the forest interior at Peel Forest and, because of 
the dense vegetation, ni.istnets could not be set within the forest. Similarly, nets 
could not be set above the canopy where bats were known to forage as nets could 
not be raised and lowered through the dense foliage. Therefore mistnets were set up 
in open areas such as across the road running through the forest and over the pond 
adjacent to the forest. Long-tailed bats were frequently observed foraging in these 
areas. 
No bats were caught, presumably because in these open areas, bats could detect 
and avoid the mistnets. Mistnets were not used again until almost the end of the 
study in May 1995, when mist net rigs were set up in the Hanging Rock study area. 
These nets were set up over a slow flowing stream in an area of willow copse. On 
the three nights nets were set, two bats were caught, both in the--£irst hour of 
trapping on different nights. Both bats were caught in approximately the same 
position in the net, 0.5 m above the surface of the water and in the centre of the 
stream, indi~ating that this may have been a fly way for these bats. 
More successful methods of capturing bats were employed in the Hanging Rock 
area between January and May 1995. Roosts were located by observing bats 
returning to limestone outcrops at dawn. After a roost had been pinpointed, a harp-
trap or hand-net was placed over the roost entrance shortly before dusk and bats 
captured when they emerged. After the first capture, radio-tracking was used to 
locate roosts. The above methods could not be used in the Peel Forest study area 
because no occupied roosts were located. 
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The aptly named harp-trap consists of a double bank of vertical nylon fishing 
line set in a rectangular frame (Plate 5). Bats that hit the strings fall into a bag 
positioned directly beneath the strings and are unable to escape because of a plastic 
sleeve running around the upper two-thirds of the bag (Tidemann and Woodside, 
1978). The harp trap used in this study was constructed by Michael Craddock 
(Department of Conservation) and myself from the design published by Tidemann 
and Woodside (1978). Plastic PVC tubing was used in the construction of the frame 
because it was relatively light-weight but it did not have the rigidity of the 
aluminium used in Tidemann and Woodside's design. To capture bats emerging 
from roosts in limestone bluffs the harp-trap was raised from the top of the bluff by 
ropes until it covered the roost entrance. 
Plate 5. Harp-trap constructed for use in this 
study. 
The hand-net was similar in design to a butterfly net with a fine net attached 
over a loop of wire. Wire was used in the construction of the loop (approximately 20 
cm in diameter) because it could be moulded to fit over the roost entrance. The 
hand-net was then positioned over the roost entrance and bats caught as they 
emerged. I used this method frequently to catch bats emerging from limestone 
crevices. To get to the roost entrance a combination of a rope and ascenders 
(jumars), and abseiling was used (Plate 2). 
Measuring and Marking Bats 
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Using the above methods, 21 bats (18 different individuals; 12 females and 6 
males) were caught between January and May 1995 in the Hanging Rock study area. 
The sex, age (adult or juvenile) and reproductive status of bats was recorded. 
Evidence of pregnancy was assessed by enlargement of the stomach and females 
were considered to be lactating if milk could be drawn from the nipple by gentle 
squeezing. Bats were weighed (to the nearest 0.1 g) and ear (to the nearest 0.2 mm), 
wing and tail (to the nearest 1 mm) measurements were taken before release. To 
allow for individual recognition, one or two small pieces of hair were clipped off the 
bat's shoulder blades or lower back. Bats moult once a year (Hill and Smith, 1984) 
and therefore, although hair clipping allowed for individual recognition during the 
study, it did not provide permanent identification. 
Radio-tracking 
Radio-tracking was carried out between 31 January and 17 June 1995. Nine of 
the 21 bats captured (6 adult females and 3 adult males) were fitted with radio 
trans·mitter~ .. ~ransmitters were attached to the lower mid back of bats using Ados 
F2 contact glue and to ensure firm attachment of the transmitter a small amount of 
hair was clipped before attachment. Based on radio-tracking research in the Eglinton 
Valley (c. O'Donnell and J. Sedgely pers. comm.) in the Eglinton Valley, transmitters 
were expected to fall off within two weeks. Transmitters had an expected battery life 
ranging from two to three weeks. The transmitters (Type BD-2A, Holohil Systems, 
Ontario, Canada) including battery, weighed 0.70 g and represented on average 6.4% 
(range 5.4-7.3%) of the body-, weight of females and 8.3% (range 7.7-9.1%) of males. 
I was concerned that the transmitters might alter the behaviour of bats because 
they exceeded the 5% "mass rule" recommended by Aldridge and Brigham (1988). 
However, observations during the radio-tracking period suggested that the 
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transmitters had a negligible impact on bats. When released, radio-tagged bats 
appeared to fly without difficulty and all bats flew to a nearby roost, rested for a 
several minutes and then flew away. No loss of body mass could be detected for 
three female bats captured shortly after they had been radio-tracked (as evidenced by 
a small bare patch on the back). Radio-tracked bats foraged in the same areas as 
untagged bats and exhibited similar activity patterns to other bats that were recorded 
by automatic monitoring at Hanging Rock. 
Bats were released as soon as possible after capture (usually within an hour) 
and at the same location at which they were caught. Using a three element yagi 
antenna coupled with a CE-12 receiver (Custom Electronics, Urbana, USA) to receive 
transmitter signals, I attempted to remain as close as possible (usually 50-300 m) to 
radio-tagged bats for as much of each night as possible. This was possible because 
the study area was well roaded with access to most areas by vehicle. Bats were 
continuously allocated to a habitat type while being followed. Fluctuation in the 
intensity and change in direction of the signal indicated a bat to be flying. A bat was 
assumed to be roosting when the signal was stable and no change in direction could 
be detected. 
A signal strength threshold was established to assess whether a bat was within 
200 m. The signal strength threshold was derived from trials comparing distance of 
receiv~r .to t~an~mitters and signal strength. When the signal from a radio-tracked 
bat fell below the threshold it was possible to follow the transmitted signal's 
increasing strength until it once again exceeded the threshold level. Where possible, 
to further confirm a bat's position, the area enclosing the radio-tracked bat was 
circled. Bat detectors were also used to verify a radio-tracked bat's presence in the 
immediate area «50 m). Initially, I attempted following two bats simultaneously but 
this proved too difficult for one person and subsequently only one bat was radio-
tracked at a time. 
A permit to carry out the above activities was provided by the Deparhnent of 
Conservation (Permit No. 12/62) and ethics approval was given by the Lincoln 
University Animal Ethics Committee (Application No. 536). 
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Data analysis 
The frequency distribution of most data collected during the study was not 
normally distributed and no method of transformation served to make the data meet 
the assumptions of analysis of variance. Consequently, the non-parametric: Kruskal-
Wallis H- and Mann-Whitney U-tests (Sokal and Rohlf, 1981) were used to test for 
difference between samples and Spearman Rank correlation was used to test for 
correspondence between variables (Bhattacharyya and Johnson, 1977). For ease of 
reading only the 'p' values were included for Kruskal-Wallis H- and Mann Whitney 
U- tests and only rsp and 'p' values for Spearman Rank correlations in the text. 'p' 
values were given to three decimal places and rsp values to two decimal places. For 
results that include measurements, the ranges are often given rather than the 
standard error. It was felt that, because the sample sizes were, in some cases quite 
small, ranges gave more information. 
Chapter 3 
Distribution and Abundance of Long-Tailed Bats 
in South Canterbury 
Introduction 
22 
Long-tailed bats remain widely distributed within New Zealand but are generally 
restricted to areas where native forest still persists (Fig. 1 in Chapter 1) (Dwyer, 
1962). Evidence suggests they have declined significantly in both range and numbers 
since last century (O'Donnell~ 1993; Higham, 1992; Daniel and Williams, 1981; Dwyer, 
1962) and presumably, forest clearance has been one of the largest contributors to 
their decline. Surprisingly, South Canterbury, where very little indigenous forest 
remains, still retains a population of long-tailed bats and appears to be one of the 
very few, if not the only locality, without large areas of native forest, to still have 
long-tailed bats. Consequently, in South Canterbury, I expected to find the highest 
densities of long-tailed bats in the remaining areas of indigenolJ§ forest. Forested 
areas provide insectivorous bats with two critical resources: insect prey and roost 
sites (Thomas, 1988). 
The m"aJor- factors likely to influence the distribution and abundance of long-
tailed bats in South Canterbury include: 
1) insect abundance; 
2) availability of secure roosting and hibernation sites and 
3) introduced predators such as rats (Rattus exulans, R. rattus and R. norvegicus), stoats 
(Mus tela erminea) and cats (Felis catus). 
Insect abundance is likely to have an influence on the distribution of bats 
because of their energy-expensive foraging strategy (de Jong and Ahlen, 1991; Avery, 
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1985; Burnett and August, 1981). Insect abundance was found by de Jong and Ahlen 
(1991) to be the principal factor influencing the distribution patterns of bats in central 
Sweden. 
Bats have been estimated to spend over half their lives in roosts (Kunz, 1982) 
(see Chapter 6). Thus the distribution and availability of roost sites is likely to have a 
significant influence on their distribution. An in~ication that roost availability 
influences the distribution of bats was given by Geggie and Fenton (1985). They 
found bat activity to be higher in urban than in rural areas despite an expected lower 
, insect abundance in urban areas and suggested that this may have been a result of 
the greater number of roosting opportunities in urban areas. 
The other factor that could influence the distribution of bats in South 
Canterbury is the presence of predators. Moreporks (Ninox novaeseelandiae) are the 
only surviving indigenous predators of long-tailed bats but are in very low numbers 
in South Canterbury. Introduced mammalian predators may be a more important 
influence. Many of New Zealand's hole-nesting birds such as yellow heads (Mohoua 
ochrocephala), kaka (Nestor meridiana lis) and kakariki (Cyanoramphus spp.) have 
suffered significant declines in the last 30 years as a consequence of stoat predation 
(Elliott and O'Donnell, 1988). Long-tailed bats may be similarly susceptible because 
they also roost in tree holes (O'Donnell, 1993) and could be even more at risk as they 
spendasi~ific_ant amount of time in torpor (Molloy, 1994). When rousing from 
torpor, long-tailed bats often require several minutes to raise their body temperature 
to levels suitable for flying (Molloy, 1994) and subsequent escape from predators. 
The primary aim of this aspect of the study was to determine which of these 
factors was the primary influence on the distribution of bats in South Canterbury. 
An understanding of these factors would allow more accurate predictions about 
whether other areas are likely to support long-tailed bats. It may also lead to the 
identification of important factors limiting long-tailed bat populations. Knowledge of 
the factors limiting populations is critical for the implementation of recovery 
programmes aimed at long-tailed bat populations. 
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This part of the study relied on anecdotal records from 1960 to the present and 
a preliminary survey of areas where bats had previously been recorded. This survey 
gave a reasonable indication only of distribution but little information on the relative 
abundance between areas. After this survey, two study areas were selected: Peel 
Forest (where bats were anticipated to be in relatively high densities) and Hanging 
Rock (where the opposite was expected). In both these study areas automatic 
monitoring was carried .out to establish patterns of habitat use. Automatic 
monitoring was also used to provide an indication of the relative population density 
between the two study areas. Insect sampling was also carried out in both study 
areas. 
Methods 
Anecdotal records and distribution survey 
Initially, recorded sightings from 1940 to the present were used to give an 
indication of where bats were present. These records were derived from collated 
records by Daniel and Williams, (1981) and those compiled by the Department of 
Conservation. Over a period of two weeks in February and March 1994, a 
distribution survey was carried out. I used O'Donnell's (1993) method (see Appendix 
I) for the survey so that results could be compared with other surveys. The same 
survey method js used by Department of Conservation conservancies throughout 
New Zealand. It was initially hoped to repeat the survey several times and at 
different times of the year, but time limitations made this impossible. 
To eliminate possible sources of variation in foraging activity levels, all transects 
were completed in similar temperature and weather conditions and were carried out 
between 2 and 6 hours after sunset. 
Surveying from a car and by bicycle was trialled in this study with some 
success. These survey methods were used successfully by de Jong and Ahlen (1991) 
to determine the distribution of bats in central Sweden. However, these methods are 
restricted to surveying from roads and despite most areas of South Canterbury being 
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roaded, many bats were found in areas, e.g., rivers, where they could not have been 
detected from the road. Walking transects, although labour intensive, allowed most 
areas to be surveyed. 
Automatic monitoring 
Automatic monitoring of bat foraging activity (Chapter 2) was carried out 
between August 1994 and July 1995, in the Peel Forest and Hanging Rock study 
areas. Automatic monitoring was used primarily to assess patterns of habitat use 
(Chapter 5) and activity (Chapter 4), but also gave an indication of the relative 
abundance of bats between the two study areas. Sampling sites, where automatic 
monitors were positioned, were spread randomly in different habitats (Chapter 5) 
and were therefore scattered randomly within the study areas. 
Insect sampling 
Insect counts were carried out to determine the nightly variation in insect 
abundance through the year. This sampling also allowed the estimation of the 
relative insect abundance between the two study areas. The method used for 
assessing insect abundance is outlined in Chapter 4. 
Results and Discussion 
Survey results 
One hundred and fifty (1 km) walking transects were completed as part of the 
survey of the distribution of long-tailed bat in South Canterbury. The survey was 
also used to identify suitable areas for study. The location of the completed transects 
and transects in which bats were recorded are shown in Fig. 3. Bats were found to 
be scarce overall, being recorded on only 16 of the 150 transects. 
Anecdotal records 
Anecdotal records of long-tailed bats in South Canterbury (Fig. 4) suggested an 
association between bats and the river systems of the region. This was supported by 
automatic monitoring and radio-tracking of bats at Hanging Rock (see Chapter 5). 
Insect abundance is higher near water in many areas (Brigham, 1991; de Jong and 
Ahlen, 1991). Additionally, the river systems of South Canterbury are ecotones, 
which also tend to harbour high insect densities and diversity (Lewis, 1970; 
Rachwald, 1992; Clark et al., 1993). Thus it is possible that this association is a 
reflection of insect abundance. 
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However, the river systems of South Canterbury also present increased roosting 
opportunities for bats in the form of the numerous willow trees along the river 
banks. Many of the river gorges of South Canterbury also retain areas of indigenous 
forest that could offer potential roost sites. Thus, after the survey, it was still 
impossible to determine the relative importance of insect abundance and roost sites 
on the distribution of long-tailed bats in South Canterbury. Further evidence 
indicating that roost sites are a more important influence is given below. 
Variation in bat foraging activity between study areas 
From the automatic monitoring at Peel Forest and Hanging Rock, a significant 
difference (Mann-Whitney U-test, p <0.001) was detected in the levels of foraging 
activity between the two study areas. Bats were not recorded foraging inside the 
forest interior of Peel Forest so this habitat was excluded from the analysis. Contrary 
to expectation, foraging activity recorded in the Peel Forest study area was only 11% 
of that recorded at Hanging Rock (Table 3.1). Although this data can not be used to 
estimate absolute population density they can provide a relatively unbiased estimate 
of the relative density between areas (Thomas, 1988). Results from automatic 
monitoring therefore strongly suggest that long-tailed bats were more abundant in 
the Hanging Rock study area. 
Or iS d Gcr«;e 
1) '..val:::::hi b\,;! ~ 
dC:7':2 1n 
N 
5 0 5 10 
<-, ~~~~, ____ L--___ , 
K ilOfne tres 
o Transects completed 
Transects where bats 
• were recorded 
Exotic pine forest 
Remnant and regenerating 
podocarplbroadleaf forest 
Town 
Other locality 
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recorded during the distribution survey of the Geraldine region of South 
Canterbury. Map adapted from Daniel and Williams (1981). 
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Table 3.1 Foraging activity of bats and insect abundance recorded in the Peel Forest 
and Hanging Rock study areas in Summer, November 1994 to March 1995. 
Average number of 
bat passes per night. 
Average number of 
insects per night. 
Hanging Rock 
67.2 (n = 31, SE = 11.0) 
80.4 (n = 32, SE = 5.5) 
Peel Forest 
7.5 (n = 49, SE = 1.4) 
182.9 (n = 3D, SE = 15.4) 
Visual observations of bats at dusk provided further evidence that bats were 
more abundant in the Hanging Rock area. At Peel Forest, no more than two bats 
were ever seen flying together whereas at Hanging Rock, groups of up to 10 bats 
were commonly seen flying over the river and the top of the main limestone scarp at 
dusk. Supporting data were obtained from the automatic bat monitors. No more 
than two bats were ever recorded flying past a bat monitor at Peel Forest, whereas at 
Hanging Rock more than two bats were recorded frequently. Furthermore, there are 
few anecdotal records of bats at Peel Forest despite being an area with large numbers 
of visitors throughout the year. Most of the anecdotal records of long-tailed bats 
from South Canterbury come from the Opihi River system (Fig. 4), which includes 
the Hanging Rock area. 
Variation in insect abundance between the two study areas 
Insect abundance recorded during the study was also found to significantly 
differ (Mann-Whitney U-test, p <0.01) between the two study areas (Table 3.1). Insect 
abundance recorded in the Peel Forest study area was more than twice as high as 
that found at Hanging Rock. A significant correlation was found between insect 
abundance and bat foraging activity (see Chapter 4) suggesting that the sampling 
method did provide an index of the number of insects available to bats and therefore 
the difference in prey availability between the two areas. 
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The average feeding rate (the ratio of feeding buzzes to bat passes), recorded by 
automatic monitoring, was not significantly different (Mann-Whitney U-test, p = 
0.247) between the two study are~s (see Chapter 5) indicating that food was not 
limiting for bats in the Hanging Rock study area. Fenton (1990) also suggested that 
there is little evidence to indicate that insectivorous bats are limited by food 
resources. These results imply that insect abundance is not the primary factor 
influencing the distribution of long-tailed bats in South Canterbury. 
Predators and roost sites 
I suggest that a combination of introduced predators and availability of secure 
roosting sites is the primary influence on the distribution and abundance of long-
tailed bats in South Canterbury. Introduced mammalian predators are likely to have 
easier access to bats at Peel Forest because of the nature of roost sites at Peel Forest. 
Evidence from this study (see Chapter 6) and past records indicate that long-tailed 
bats inhabiting Peel Forest are likely to be roosting in the many podocarps and other 
large trees in the region. These trees are readily accessible to tree climbing predators 
such as ship rats and stoats (King, 1990). At Hanging Rock, bats roosted 
predominantly in limestone crevices (see Chapter 6). These roosts were used by bats 
in both summer and winter and were inaccessible to ground predators. I propose 
that it is these roosts that allow long-tailed bats to be more numerous in the Hanging 
Rock area than at Peel Forest. This hypothesis is discussed with reference to the 
results presented in the following chapters and in the General Discussion. 
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Chapter 4 
Activity Patterns of Long-Tailed Bats 
Introduction 
Due to their small size and use of flight, insectivorous bats must endure severe 
energy constraints (Fenton, 1982; Burnett and August, 1981), which are likely to play 
a large part in governing their nightly activity patterns (Maier, 1992). Furthermore, 
their insect prey is not only unevenly distributed in space but also through time and 
several studies have indicated that insectivorous bats synchronise their nightly 
activity pattern with that of their prey (Swift, 1980; Anthony et al., 1981; Swift and 
Racey, 1983; Taylor and O'Neill, 1988). 
A bimodal pattern of nightly activity during summer, the major peak of activity 
occurring in the first few hours after dusk and a smaller one before dawn, has been 
observed for many temperate insectivorous bat species, e.g., Antrozous pallidus 
(O'Shea and Vaughan, 1977); Myotis lucifugus (Anthony et al., 1981); C. morio, Eptesicus 
regulus and Nyctophilus geoffroyi (Taylor and O'Neill, 1988); Pipistrellus pipistrellus 
(Maier,1992): The activity and abundance of flying insects through the night also 
follows this pattern, with peaks of activity at both dusk and dawn and a noticeable 
decrease during the middle of the night (Morgan and Waddell, 1961; Lewis and 
Taylor, 1965; Funakoshi and Uchida, 1978; Swift, 1980; Taylor and O'Neill, 1988). 
However, activity patterns of bats do not remain fixed throughout the year. 
Variation from regular patterns has been noted to coincide with different stages of 
reproduction and seasonal changes (Laufens, 1972 in Erkert, 1982; Swift, 1980; Erkert, 
1982; Racey et al., 1987; Maier, 1992). 
In temperate regions, insect abundance during winter declines to a point where 
it is no longer energetically viable for bats to emerge and feed. A common strategy 
employed by temperate insectivorous bats during this period of extreme food scarcity 
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is hibernation, which involves the lowering of body temperature and metabolic rate 
as a means of conserving energy (Hock, 1951 in Hays et al., 1992; Speakman et al., 
1991). Hibernation exhibited by bats is not continuous but is punctuated by periods 
of arousal and bats may even emerge to forage if conditions are suitable (Ride, 1970; 
Erkert, 1982). Some northern temperate species have even been observed flying 
during the day (Speakman, 1991). 
Long-tailed bats belong to the Family Vespertilionidae which are known as the 
'evening bats'. The majority of bats belonging to this family are exclusively 
insectivorous (Hill and Smith, 1984) and long-tailed bats appear to be no exception. 
Recorded dietary items of long-tailed bats include: moths, flies, beetles and the flying 
adults of many species of insects with aquatic larvae (Molloy, 1994). Vespertilionids 
typically emerge in the early evening (when insect activity is greatest) and are often 
seen at dusk (Hall and Richards, 1979). Long-tailed bats have been recorded 
emerging 10-30 minutes after sunset (Daniel, 1990). Concurrent studies indicate a 
bimodal activity pattern for long-tailed bats, with a peak in activity after dusk and a 
smaller peak before dawn (c. O'Donnell, pers. comm.). How this pattern varies with 
season and the different stages of the reproductive cycle has not yet been established. 
It has been suggested, based on anecdotal sightings, that long-tailed bats 
hibernate continuously for up to four or five months over the late autumn and winter 
in colder parts of New Zealand (Dwyer, 1962; Daniel and Williams, 1984; King, 1990). 
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However, O'Donnell documented activity throughout the year in the Eglinton Valley 
and observed long-tailed bats foraging in ambient air temperatures as low as -1.5°C. 
He suggested that although recorded activity in the Eglinton Valley is very low 
between April and November, long-tailed bats may emerge to forage in winter when 
conditions are suitable. Other Chalinolobus spp. in Australia, C. morio and C. gOlildi, 
are known to fly during the winter months (Taylor and Savva, 1990). 
This part of the study was aimed at determining the nightly activity patterns of 
long-tailed bats in South Canterbury, how this pattern changed between summer and 
winter, and how activity was influenced by external variables. Dusk watches at roost 
sites were combined with automatic monitoring to provide information on activity 
patterns at a population level and radio-tracking was employed to provide precise 
information on the activity rhythms of individuals. 
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An understanding of the activity patterns of long-tailed bats is essential for 
ascertaining how they use the resources available to them. It is also integral to many 
aspects of further research. Knowledge of the factors influencing activity is 
prerequisite to carrying out surveys of bat abundance and distribution. Ultimately, if 
sufficient data on activity levels for different populations are accumulated, the 
development of an index of activity may be possible. This would allow estimates of 
the size of populations to be made solely from recorded levels of activity. 
Differences in activity patterns between this population and others may lead to the 
identification of unusual behavioural patterns specific to this population. These 
differences may provide information about which are the major threats facing the 
South Canterbury long-tailed bat population and other populations around New 
Zealand. 
Methods 
Dusk watches at roost sites 
Dusk observations at roost sites located by radio-tracking, were carried out 
between Jan:uary and June 1995 in the Hanging Rock study area. As the number of 
bats emerging was always less than la, the time each bat emerged or re-entered the 
roost was recorded. During the winter, bats departed roosts in darkness and 
therefore could not be seen. However, radio-tracking (see Chapter 2) allowed 
emergence times during the winter to be determined. A bat detector was also used 
during the winter to hear bats emerging from roosts. The time bats returned to day 
roosts was ascertained by radio-tracking. 
Weather 
Sunset and sunrise times were obtained from the Timaru Herald (Herald 
Communications, Timaru). The nightly dusk temperature and minimum temperature 
were measured using a maximum-minimum thermometer. Dusk temperature was 
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taken within half an hour after sunset. The same site in each study area was used for 
all recordings. During the radio-tracking period, temperature, cloud cover, wind 
speed and rain were recorded every hour throughout the night. Cloud cover, wind 
and rain were assessed on relative scales ranging from no cloud, wind or rain (0) to 
overcast (4), strong wind (4) and heavy rain (4). Moonphase and whether the moon 
face was visible were also recorded. Outside the radio-tracking period, cloud cover, 
wind, rain and whether the moon was visible, were estimated by averaging the two 
measurements made at 'dusk and dawn. 
Insect abundance 
To determine nightly and seasonal variability in insect abundance, I used a 
method similar to that used by O'Donnell which involved driving a 5 km transect at 
a constant speed of 80 km/h. All insects observed in the beam of the head lights, 
(set in the high beam position) were counted. Only one count was carried out each 
night approximately 2 hours after sunset and the same 5 km stretch of road in each 
study area, was used for all counts. Counts were carried out on most nights when 
automatic monitoring or radio-tracking was taking place. 
Analysis of automatic monitoring data 
Automatic monitoring (see Chapter 2), carried out between August 1994 and 
June 1995, was used in both study areas to assess seasonal and nightly activity 
patterns of the population. The talking clock provided the time at the start of each 
hour after sunset, so it was possible to calculate the average number of bat passes 
and feeding buzzes for each hour of the night. The length of time between sunset 
and sunrise differed by about 1.5 hours between the beginning and end of each 
sampling period (approximately 3 months). Therefore data were standardised before 
grouping results from different times of the year. To do this I used a variation on 
Taylor and O'Neill's (1988) method, which involved equating the values for the first 
and last four hours of each night. The values recorded for the middle hours on 
longer nights were used to supplement the number of hours of shorter nights so that 
all nights had the same number of hours. For example, when a night of only 10 
hours was grouped with a night of 11 hours, the value recorded in the sixth hour on 
the second night would be added as the sixth hour for the first night. 
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Analysis of radio-tracking data 
Radio-tracking was used to determine the nightly activity pattern for individual 
bats. Foraging bats were indicated by a signal that fluctuated in intensity and 
direction. Night roosting periods were determined by a period where the signal was 
stable and no change in direction could be detected. To assess the course of nightly 
activity determined by radio-tracking, the average proportion of each hour after 
sunset spent foraging or, night roosting was calculated. This could then be compared 
directly with the activity patterns recorded by automatic monitoring which were also 
assessed in each hour after sunset. There did not appear to be any significant 
difference between the activity patterns of individual bats so data were pooled for 
this analysis. 
Data analysis 
Data obtained from radio-tracking and automatic monitoring were divided into 
two seasons: summer and winter. The summer period included all data obtained 
from sampling carried out in the 6 months between 1 October and 31 March whereas 
the winter period included all sampling between 1 April and 30 September. This 
division was determined from observed changes in the behaviour of radio-tracked 
bats. Bats radio-tracked after the beginning of April emerged trom roosts later in 
relation to sunset and were observed to roost singly indicating that they were 
entering torpor during the day. 
The nonparametric Kruskal-Wallis H- and Mann-Whitney U-tests (Sokal and 
Rohlf, 1981) were used in the following analyses. Spearman Rank correlation was 
used to test for correspondence of bat foraging activity levels, with insect and 
climatic variables. 
Results 
Light sampling behaviour 
Sixty four dusk watches of bats emerging from day roosts were carried out at 
Hanging Rock over the radio-tracking period (31 January - 18 May 1995). In summer 
bats emerged while it was still light (before it was necessary to use a torch to find my 
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way) and flew close to the roost from which they had emerged for several minutes 
before dispersing. Audible squeaking was frequently heard from roosts shortly 
before bats emerged and on several occasions from bats flying outside the roost. 
Calls from bats heard on the bat detector during this time appeared very different 
from normal echolocation calls. Bats sometimes flew back to the roost entrance, 
possibly in an attempt to re-enter the roost, paused momentarily and then flew off 
again. However, of 100. observations of individual bats emerging from roosts during 
the summer, only four were seen to re-enter the roost. The two bats radio-tracked 
during the winter emerged after dark and therefore could not be observed, but flew 
off almost directly after emerging and were not recorded re-entering the roost. 
Departure times 
In summer the first emergence from day roosts occurred, on average, 30 
minutes after sunset (range: 14-53 minutes) and all bats seen leaving the roost left 
within 28 minutes of the first departure. Emergence times in winter could only be 
determined from radio-tracked bats. However, these are presumed indicative of the 
emergence times of other bats as the emergence time of radio-tracked bats did not 
differ significantly (Mann-Whitney U-test, p = 0.124) from that of untagged bats 
during the summer. During the winter, the two radio-tracked bats emerged 
significantly later (Mann-Whitney U-test, p <0.01), relative to sunset, than radio-
tracked bats in summer. In winter radio-tracked bats emerged after dark, on average 
55 minutes after sunset (range: 32-85 minutes). 
Apart from bats emerging slightly later in relation to sunset in winter, it was 
clear that the time of emergence changed systematically and showed a well defined 
relationship with the time of sunset (Fig. 5). Although a significant relationship was 
found between emergence time and dusk temperature, this was concluded to be an 
artefact of bats emerging later and the cooler temperatures during the winter. The 
later emergence times recorded in winter are more likely to be related to the extra 
length of time required by bats, to raise body temperature to levels suitable for 
flying. However, temperature was found to have a large influence on foraging 
activity (Table 4.1) and on nights with dusk ambient air temperatures of lower than 
5°C (n = 4), radio-tracked bats did not emerge. 
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Figure 5. The relationship between the emergence time of long-tailed bats from 
day roosts and sunset between January and June 1995. 
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roosts with both sunrise and nightly minimum temperature between January 
and June 1995. 
38 
Table 4.1 Association of emergence and activity time, with temperature and other 
climatic variables and insect abundance, as determined by Spearman Rank correlation 
coefficients (rsp) for sample size n. 
Emergence time Activity time 
Variable rsp n rsp n 
Dusk temperature -0.49 55 ** 0.79 35 ** 
Minimum temperature 0.54 35 ** 
Insect abundance 0.70 35 ** 
Cloud -0.27 54 0.03 35 
Wind -0.17 54 0.15 35 
Rain -0.03 54 -0.33 35 
Moon face visible 0.21 50 0.40 35 * 
Moonphase -0.06 53 0.55 35 ** 
Note: *, significant association at p = 0.05 level; **, significant association at p = 0.01 
level. Emergence time was recorded as the time the first bat was observed leaving 
the roost. 
Return times and length of time spent active 
At the beginning of the radio-tracking period in early February, radio-tracked 
bats returned to day roosts just before sunrise. However, in March bats began to 
return earlier and by the end of the radio-tracking period in May, bats returned as 
early as 40 minutes after emerging (Fig. 6). 
Significant relationships with activity time (length of time away from the roost) 
were found for a number of variables (Table 4.1). Dusk temperature and insect 
abundance were found to be the best predictors of activity time but significant 
relationships were also found for minimum temperature, moon phase and the 
presence of the moon. On nights with a three quarter to full moon bats were active 
for longer (Mann-Whitney U-test, p = 0.022). Although no significant relationship 
was found between activity time and rainfall, bats did not appear to fly during 
periods of heavy rain. 
Table 4.2 Association of foraging activity of bats at Hanging Rock and Peel Forest, 
with climatic variables and insect abundance as determined by Spearman Rank 
correlation coefficient (rsp) for sample size n. 
Variable 
Dusk temperature 
Minimum temperature 
Insect abundance 
Cloud 
Wind 
Rain 
Moon face visible 
Moonphase 
Hanging Rock 
Activity level 
rsp n 
-0.51 171 
0.54 167 
0.62 129 
-0.16 174 
-0.06 174 
-0.07 174 
-0.22 175 
-0.17 180 
** 
** 
** 
Peel Forest 
Activity level 
rsp 
0.07 
0.08 
0.07 
0.11 
0.11 
-0.06 
0.06 
0.03 
n 
167 
167 
64 
167 
166 
166 
167 
167 
Note: *, significant association at p = 0.05 level; **, significant association at p = 0.01 
level. 
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Results from the automatic sampling at Hanging Rock show similar associations 
between foraging activity and dusk temperature, minimum temperature and insect 
activity (Table 4.2). However, no significant relationships with any of these variables 
were found for the data collected at Peel Forest. I believe this is a result of there 
being too few bats at Peel Forest to record accurate levels of activity. At Hanging 
Rock there was a significant decrease «Mann-Whitney U-test, p <0.001) in activity 
when the dusk ambient air temperature was below 5°C. At Peel Forest this appeared 
also to be the case but was once again not significant. During the length of the 
study, long-tailed bats were recorded foraging in temperatures from 2.0 to 19.8°C and 
were active in strong winds and moderate rain. 
Nightly activity patterns 
At Hanging Rock, automatic monitoring of bat activity demonstrated that bats 
foraged throughout the night during the summer months but exhibited a definite 
bimodal pattern of activity through the course of the night. A peak of activity was 
evident in the second hour after sunset and another smaller peak occurred a few 
hours before sunrise (Fig. 7a). This pattern was also evident in the percentage of 
time spent foraging (Fig. 9a) by radio-tracked bats. Night roosting reached a 
maximum in the fourth and fifth hour after sunset (Fig. 9a), corresponding with the 
low levels of foraging activity recorded during these hours. 
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The bimodal pattern of activity evident during the summer changed to a 
unimodal pattern during the winter months (Fig. 7b). Automatic monitoring showed 
that bat activity reached a peak in the second hour after sunset but then trailed off 
through the night and there was no evidence of another peak of activity before dawn. 
Radio-tagged individuals demonstrated a similar pattern of activity (Fig. 9b). Night 
roosting once again peaked in the fourth hour after sunset. 
Automatic sampling at Peel Forest depicted a similar pattern of nightly activity 
during summer and winter but this was once again not as cle(;u~ as at Hanging Rock 
(Figs 8a and 8b). 
Seasonal variation in activity 
During the summer, bats always emerged to forage. However, during the 
winter, bats remained in roosts on colder nights. The length of time bats remained in 
roosts ranged from 1 - 4 days. These periods of hibernation may become more 
extended later in winter. When they did emerge, there was a significant decline 
(Mann-Whitney U-test, p <0.001) in the amount of time radio-tracked bats were 
active. Bats radio-tracked after the beginning of April tended to return to day roosts 
after only a few hours foraging. Correspondingly, automatic monitoring revealed a 
significant decline (Mann-Whitney U-test, p <0.001) in foraging activity at Hanging 
Rock during the winter (Fig. 10). No significant difference (Mann-Whitney U-test, p 
= 0.383) in foraging activity could be detected between summer and winter at Peel 
Forest though the sample size for winter was very small (only 18 nights). 
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Figure 9a Proportion of each hour after sunset spent active and night roosting 
by radio-tracked long-tailed bats at Hanging Rock during summer (January to 
March 1995). 
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Discussion 
Light sampling 
Before dispersing at dusk many bat species inhabiting dark roosts, e.g., 
Antrozous pallidus (Twente, 1955 in Erkert, 1982); Myotis mystacinus (Nyholm, 1965 in 
Erkert, 1982); Artibeus jamaicensis and Glossophaga sorinca (Erkert, 1978); Pipistrellus 
mimus (Suthakar Isaac and Marimuthu, 1993); Plecotus townsendii ingens (Clark et al., 
1993) moved to the roost entrance or made short flights outside the roost, a 
behaviour known as light sampling (Erkert, 1982). Light sampling is thought to be a 
behavioural adaptation (believed to have arisen as a response to predators that 
require light to capture prey, e.g., owls) by which bats can assess outside light levels 
and thus the best time to leave for foraging (Erkert, 1982; Suthakar Isaac and 
Marimuthu, 1993). 
Long-tailed bats evolved in New Zealand in the presence of the morepork 
(Ninox novaeseelandiae) and the now extinct laughing owl (Sceloglaux albifacies); both 
are known to prey on bats. Moreporks, which have been observed attacking long-
tailed bats emerging from roost sites at dusk (Dwyer, 1962), are now extremely rare 
in South Canterbury. However, little owls (Athene noctua), which were common in 
the Hanging Rock study area, may have replaced the morepork as a potential 
predator, Two -instances of little owls attempting to capture bats emerging from 
roosts at dusk were witnessed during this study. Overseas studies demonstrate that 
although little owls are more likely to take ground dwelling animals, they do 
occasionally prey on bats (Cramp, 1985; Bekker and Mostert, 1991). 
Long-tailed bats during this study roosted predominantly in shallow limestone 
crevices with relatively well lit interiors and emergence would not have been 
essential for bats to determine outside light levels. Very few bats were seen to re-
enter roosts after emerging confirming that bats had determined appropriate light 
levels before emerging. Long-tailed bats emerging from much darker tree roosts and 
under a forest canopy in the Eglinton Valley, re-entered roosts much more frequently 
than the bats seen in this study (pers. obs.). However, the South Canterbury bats still 
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flew in close proximity to roosts before dispersing, a behaviour similar to that known 
as light sampling. 
With reference to the above, I do not believe that bats in this study were 
displaying light sampling behaviour. Instead I think that this behaviour may be 
more of a sociable interaction than anything else, allowing bats to stretch their wings 
in the vicinity of other bats and the immediate protection of the roost. The unusual 
calls heard during this time on the bat detector coupled with humanly audible calls, 
normally heard from bats inside roosts, suggests bats were communicating. 
Departure times 
Sunset time was found to be the best predictor of departure times of bats from 
roosts indicating that light levels play an important role in triggering the onset of 
activity for long-tailed bats. However, the occurrence of bats emerging at visibly 
lower light levels during winter implies considerable variation in the critical light 
intensity required to trigger departure from roosts. Unexpectedly, no relationship 
was found between departure times and cloud cover or the presence of the moon 
although this may have been due to insufficient data. Associated higher light levels 
when the moon is present would be expected to delay bats departing the roost 
because of an increased likelihood of capture by avian predators, such as moreporks 
and possibly, more recently, little owls. The inhibitory effects of moonlight on 
emergence has been noted for a several bat species, e.g., Scotophilus leucogaster 
(Fenton, 1977 in Barclay, 1985) and Artibeus litturatus (Erkert, 1982). 
Activity time and influence of insect and climatic variables 
Bats returned to their day roosts a little after sunrise during summer but 
returned progressively earlier through the study period as temperatures decreased. 
Temperature was found to have a significant influence on the length of time bats 
spent foraging. Foraging activity, recorded by automatic monitoring, also decreased 
markedly as temperature dropped. I consider the primary reason long-tailed bats are 
less active at lower temperatures is the corresponding drop in insect abundance. 
Temperature is known to have a major impact on insect activity influencing not only 
the number and species of insects in flight but also the length of time they remain 
airborne (Taylor, 1963; Lewis and Taylor, 1965). In this study, temperature was 
found to have a significant influence on insect abundance and foraging time was 
highly correlated with insect activity. 
Moon phase was also found to influence the time bats returned to day roosts. 
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Although more data need to be collected to prove the legitimacy of this relationship, 
higher light levels associated with a full moon could reduce insect activity. During 
the summer months when effective torpor is not viable, a reduction in insect 
abundance may mean bats must spend longer periods foraging. 
Nightly activity pattern 
Although bats flew throughout the night in summer, activity patterns were 
distinctively bimodal, presumably reflecting the temporal distribution of insects 
through the night. I found literature concerning the nocturnal activity patterns of 
New Zealand native terrestrial insect and the flying adults of insects with aquatic 
larvae to be nonexistent (R. Emberson, P. Johns, E. Scott, M. Winterbourn, pers. 
comm.). However, research in the northern (e.g., Morgan and Waddell, 1961; Lewis 
and Taylor, 1965; Swift, 1980) and southern hemispheres (e.g., Funakoshi and Uchida, 
1978) including Tasmania (e.g., Taylor and O'Neill, 1988) has shown that the course 
of insect activity through the night is bimodal, reflecting the two peaks in activity at 
dusk and dawn. If a similar pattern of emergence and activity is inferred for New 
Zealand's aquatic and terrestrial insects, it would readily explain the pattern of 
activity displayed by bats during this study. 
Seasonal variation in activity 
With the onset of winter, bats no longer flew throughout the night and activity 
patterns altered to become unimodal. The peak of activity remained in the second 
hour after sunset. Similar changes in activity patterns have been described for 
Pipistrellus javanicus (Funakoshi and Uchida, 1978) and P. pipistrellus (Swift, 1980). 
Taylor and O'Neill (1988) suggested that this may also be related to insect activity. 
Low temperatures limit the abundance of flying insects and bats may find foraging 
during the early morning energetically unrewarding and prefer to remain in torpor 
(Taylor and O'Neill, 1988). 
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Radio-tracking suggested that bats were considerably less active in winter than 
in summer and automatic monitoring recorded a significant decrease in foraging 
activity during the winter. The decrease in foraging activity in winter could have 
been a result of bats dispersing during the colder months. However, I consider this 
unlikely, because on nights during the winter when foraging activity was recorded, 
activity was as high, if not higher, than in summer (the dusk peak in activity was 
much higher during the winter (Figs 7a and 7b). This suggests that bats were at 
similar densities in both summer and winter at Hanging Rock. The reduced activity 
during the winter is therefore attributed to the many nights on which bats did not 
emerge to forage. 
It is not known whether the primary impetus to emerge in winter is the 
necessity to eat or drink (Speakman and Racey, 1989; Whitaker and Russler, 1992; 
Hays et aI., 1992; Whitaker and Russler, 1993). On several nights during the winter, 
radio-tracked bats emerged for very brief periods (less than one hour) but on the 
majority of nights bats foraged for longer (three to seven hours). This implies that 
bats were foraging in order to build up fat reserves. However, whether this foraging 
was carried out purely in order to feed or to cover the costs of emerging to drink is 
unknown. 
In conclusion, the activity patterns displayed by long-tailed bats in this study do 
not differ notably from many other temperate insectivorous bats. All insectivorous 
bats are faced with the similarly severe energy constraints because of their small size 
and expensive foraging strategy. Thus it is not surprising that many of the same 
habits are found to be shared between species. In this study, long-tailed bats were 
found to follow activity patterns presumably in parallel to their prey. By feeding 
during times when prey is abundant, insectivorous bats are able to minimise 
intercapture intervals, leading to an increase in foraging efficiency and subsequently 
improving their net energy balance. During periods when prey densities are so low 
that foraging becomes energetically unviable, many insectivorous bats enter torpor. 
Chapter 5 
Patterns of Habitat Use and Foraging Areas of Long-tailed Bats 
in a Highly Fragmented Habitat 
Introduction 
49 
Very little information exists on the foraging areas and habitat requirements of 
long-tailed bats. Long-tailed bats have been reported to forage in a number of 
different habitats but the relative importance of different habitat types has never been 
established (O'Donnell, 1993). 
Wing morphology and echolocation call structure have been used successfully 
in many cases to predict the foraging strategy and habitats most likely,to be utilised 
by bats (Neuweiler, 1984; Aldridge and Rautenbach, 1987; Norberg and Rayner, 
1987). However, this can only be used as a general rule as many bats are flexible in 
regard to foraging and are capable of employing more than one type of foraging 
strategy. The echolocation calls of long-tailed bats consist of an initial steep 
frequency modulated (FM) sweep followed by a longer constant frequency (CF) 
section .. · Calls are of high intensity, cover a broad range of frequencies (35-100 kHz) 
and last, on average, 7.5 ms (S. Parsons pers. comm.). These calls coupled with their 
relatively long and narrow wings indicate that the long-tailed bat (body mass, c.10 g) 
is a relatively manoeuvrable fast-flying species capable of foraging either within the 
confines of forest or in open areas (Aldridge and Rautenbach, 1987). 
This prediction seems confirmed by preliminary results from current studies 
and anecdotal sightings of long-tailed bats. Long-tailed bats have been recorded 
foraging in a wide range of habitats, including: the interior of beech forest (c. 
O'Donnell pers. comm.), forest margins, and forest canopy as well as more open 
areas such as lakes and farmland (Molloy, 1994). 
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Chalinolobus spp. in Australia have also been found in a wide range of habitats 
(Lumsden and Bennett, 1992) and observations by O'Neill and Taylor (1986) suggest 
possible similarities in the foraging between long-tailed bats and its Australian 
counterparts. They observed C. gouidii to have a fast, direct flight, and forage in the 
relatively open Tasmanian forest canopy and C. morio [possibly the most 
morphologically similar to long-tailed bats of the Australian Chalinolobus spp. (c. 
O'Donnell and J. Sedgeley pers. comm;)] to fly between the canopy and the top of the 
understorey. 
Recorded food items of long-tailed bats include only flying insects (Dwyer, 1962; 
Daniel and Williams, 1983; Molloy, 1994) suggesting that they forage for insects 
exclusively on the wing. Hunting insects in continuous flight is an energetically 
expensive activity. By feeding in areas with abundant prey, bats can reduce the time 
spent on the wing and subsequently their energy expenditure (Fenton, 1982). 
However, a number of factors coml?licate the implementation of this strategy. 
Perhaps the most important consideration is the influence of roost availability on 
foraging areas (Kunz, 1982; Geggie and Fenton, 1985; Furlonger et al., 1987). Foraging 
areas can only be a certain distance away from roost sites before costs of commuting 
outweigh the benefits of high prey densities. From this we can-predict that foraging 
sites are most likely to be in areas harbouring the highest densities of accessible prey, 
and also in areas relatively closely associated with roost sites. 
This study differs from concurrent studies in that it centres on a long-tailed bat 
population that has persisted in a highly modified habitat. Concurrent studies focus 
on populations existing in relatively unmodified areas. Contrasts between the 
foraging behaviour and foraging areas used by bats in this study with those from 
concurrent studies may lead to the identification of some of the impacts of habitat 
fragmentation on long-tailed bat populations (O'Donnell, 1993). Differences in the 
foraging between populations in modified and unmodified habitats may also serve to 
identify factors that have caused bats to decline. For example, if feeding rates (ratio 
of the number of feeding buzzes to bat passes) are discovered to be significantly 
lower and bats are found to forage for longer in South Canterbury than bats in less 
modified areas, it may indicate that prey densities are lower in this region. 
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Knowledge of habitat use and foraging areas will not only provide information on 
which areas and habitats are important locally but will also allow guidelines to be set 
regarding the management of future land use practices. 
This aspect of the study used radio-tracking, automatic monitoring, anecdotal 
records and general observations to determine patterns of habitat use, size and 
location of foraging areas and observe the general foraging strategy employed by 
long-tailed bats in South Canterbury. 
Methods 
Automatic monitoring 
Patterns of habitat use were sampled in both the Hanging Rock and Peel Forest 
study areas from July 1994 to June 1995. Sampling was carried out using four 
automatic monitors (see Chapter 2) placed in different habitats. To assess patterns of 
habitat use, habitats representing portions of the prominent habitat types in the two 
stud y areas were chosen. 
In the Peel Forest study area, seven different habitats were recognised 
(i) Forest interior: dense understorey characteristic of lowland podocarp /broadleaf 
forest consisting of complex sub canopy and shrub layers. The sub canopy layer 
chiefly consisted of smaller specimens of mahoe (Melicytus ramiflorus), tarata 
(Pittosporum eugenioides) and kohuhu (Pittosporum tenuifolium) spread amongst puahou 
(Pseudopanax arboreus var. arboreus) and pate (Schefflera digitata). The shrub layer was 
dominated by mapou (Myrsine australis), horopito (Pseudowintera colorata) and 
(Coprosma spp.). Lianes were also present. Most common were kaihu (Parsonsia 
heterophylla) and puawananga (Clematis paniculata). 
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(ii) Forest canopy: dominated by the taller broadleaf species; mahoe, tarata, kohuhu, 
papauma (Griselinia littoralis) and pokaka (Elaeocarpus dentatus). Three emergent tree 
species present: matai (Podocarpus spicatus), totara (P. totara), kahikatea (P. 
dacrydiodes) . 
(iii) Grassland: improved pasture, including areas grazed by sheep (Ovis aries) and 
red deer (Cervus elaphusscoticus) and ungrazed areas. Both areas dominated by 
ryegrasses (Lolium spp.) and cocksfoot (Dactylis glomerata). 
(iv) Road through Forest: the Rangitata Gorge Road runs through the lower portion 
of Peel Forest Park. Areas sampled were stretches of road with intact forest 
bordering both sides. Successional species for example: makomako (Aristotelia 
serrata), puahou and kotukutuku (Fuchsia excorticata) mixed with the other forest 
species listed above, to form the road side vegetation. The road was approximately 
four metres wide with a one to two metre wide grass verge on each side. Very little 
traffic uses the road at night. 
(v) Forest Edge: forest-farmland ecotone, the edge between grassland (defined above) 
and forest edge. The edge of the forest was similar in structure'-and species to the 
road side vegetation (listed above). 
(vi) Pond/Wetland Area: a pond was located in a farmer's paddock adjacent to Peel 
Forest. The area was very small so only one bat monitor was needed to sample the 
entire area. The pond was approximately half a metre deep ~t its deepest point. 
(vii) River: a 500 m stretch of the Rangitata River was sampled for bat activity. The 
sampled area was bordered on one side by a steep shingle bank and on the other by 
the Peel Forest Park. 
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Only four habitats were sampled in the Hanging Rock study area: 
(i) Open air above limestone outcrops: the area sampled included the main limestone 
scarp in the Hanging Rock area. A few tree species, dominated by papauma, kowhai 
(Sophora microphylla) and ti (Cordyline australis) were present at the base of the 
limestone. 
(ii) River: a 2 km stretch of the Opihi River was sampled. It was bounded by willow 
copse on one side and limestone and farmland on the other. 
(iii) Willow Copse, willow and alder plantations along the banks of the Opihi River: 
most of the plantings were mature (trees approximately 20 m high) and have an 
underlying ground cover of blackberry (Rubus fruticosus), exotic grasses and, in some 
areas, very slow flowing, shallow pools of water were present. 
(iv) Scrub, scrub/farmland area below limestone scarp, dominant species are ti, 
mahoe, and Coprosma spp. The vegetation is patchy and is dispersed amongst areas 
that are grazed by sheep and goats (Capra hircus). 
Sampling sites 
In each of the above habitats, four permanent sampling sites were established. 
This meant !hat_ there were 28 permanent sampling sites in the Peel Forest study area 
in contrast to 16 at Hanging Rock. As four bat monitors were used during the study 
all four habitats could be sampled simultaneously in the Hanging Rock study area, 
but at Peel Forest where there were seven recognised habitats, only four habitats 
could be sampled at any particular time. Therefore habitats at Peel Forest were 
sampled randomly. Sampling sites were also sampled in random order. 
Sampling sites were randomly distributed within each habitat and were 
separated by a distance of at least 150 m to avoid any recording overlap2. However, 
2There was a possibility that automatic monitors sampling Forest Interior would record 
bats flying above the Canopy and vice versa. However, in contrast to Canopy no activity was 
recorded in Forest Interior, suggesting there was no overlap in recording between the two 
habitats. 
all sampling sites were within a 2 km radius in both study areas. Consequently, as 
bats were very mobile (determined from radio-tracking) and no geographic barriers 
separated sites, I assumed that all sampling sites were equally accessible to them. 
54 
In all sites, bat monitors were positioned so that the microphone of the bat 
detector pointed horizontally and excluding sites in forest canopy at Peel Forest and 
on limestone outcrops at hanging Rock, bat monitors were placed at a height of 1-1.5 
m off the ground. To ,sample the forest canopy at Peel Forest, bat monitors were 
placed in harnesses and hoisted3 into the crowns of emergent podocarps so that they 
were approximately 10 m above the broadleaf canopy layer. Bat monitors sampling 
limestone outcrops at Hanging Rock were placed on top of the limestone scarp facing 
out over the cliff edge. 
Analysis of automatic monitoring data 
To assess patterns of habitat use, foraging activity (the number of bat passes per 
night) was compared between habitats. As the data were again not normally 
distributed Kruskal-Wallis H- and Mann-Whitney U- tests (Sokal and Rohlf, 1981) 
were used in the analysis. 
Analysis of radio-tracking data 
Observations during the radio-tracking period indicated that 15 minutes was 
enough time for a bat to fly across its foraging area (this was a conservative 
estimate). Therefore, although radio-tagged bats were tracked continuously, locations 
at least 15 minutes apart were used when estimating habitat preference and the size 
of foraging areas, in order to ensure independence between locations (Harris et aI., 
1990; White and Garrot, 1990). 
As radio-tracked bats were continuously assigned to a habitat while radio-
tracking, use of habitat was determined from the number of locations found in each 
habitat. Sufficient data to evaluate habitat preference were accumulated for only five 
3 A slingshot and weight was used to pass a fine line over a branch. A stronger cord was 
then pulled over and the bat box placed in a harness and hauled up. The sampled area 
was therefore above the broadleaf canopy and around the crowns of the tallest podocarps. 
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female bats. Habitat availability was determined from a habitat map composed from 
aerial photographs, topographical maps and field observation. The foraging areas of 
female bats overlapped extensively and no evidence was found to suggest that bats 
were excluded from any area within this range. Therefore I estimated the total 
habitat available to bats to be within the cumulative foraging area of female bats. 
Table 5.1 Habitat area and proportion of total area (availability) of five habitats in 
the cumulative foraging area of radio-tracked bats. 
Habitat type 
Limestone 
Scrub 
Willow 
River 
Farmland 
Total 
Area(ha) 
36 
20 
143 
108 
851 
1158 
Percent of total' 
3.2 
1.7 
12.3 
9.3 
73.4 
100.0 
I used the same habitat classifications selected for the automatic monitoring for 
this part of the study. However, farmland, which was not sampled by automatic 
sampling, was also included as available to radio-tracked bats. I calculated the total 
area of each habitat by overlaying one hectare grid squares on the habitat map and 
assigning each square to a habitat based on the predominant habitat within that 
square. The total area calculated for river habitat included the entire river bed as no 
differentiation was made during radio-tracking between bats flying over river bed 
and bats flying directly over the river itself. The areas for each habitat and their 
proportion of the total habitat available to bats is shown in Table 5.1 above. 
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The use of habitat was compared with availability using Chi-square goodness of 
fit tests for individual bats. To test for preference and avoidance of specific habitats, 
Bonferroni Confidence Intervals (Neu et al., 1974) were constructed for the proportion 
of times a bat was located in each habitat type. To ascertain whether a specific 
habitat was preferred or avoided, the confidence interval was tested for overlap with 
the proportion of habitat available (White and Garrot, 1990). An example of 
constructed Bonferroni confidence intervals are shown for Bat No.5 in Table 5.2. 
Table 5.2 Bonferroni confidence intervals for the proportion of time spent in each 
habitat type for Bat No.5. The habitat used by Bat No.5 differed from availability 
(X2 statistic = 231.9). 
Habitat Number of 
type locations 
Limestone 6 
Scrub 2 
Willow 50 
River 30 
Farmland 8 
Pexp 
0.031 
0.016 
0.118 
0.089 
0.705 
Pobs 
0.063 
0.021 
0.521 
0.313 
0.083 
Confidence 
intervals 
0.001 ~PI~ 0.120 
0.000 ~Ps~ 0.109 
0.402 ~Pw~ 0.640 * 
0.202 ~Pr~ . .o.423 * 
0.018 ~pp 0.149 * 
Note: *, confidence interval does not include Pexp, indicating significant preference or 
avoidance. 
Size of foraging areas was estimated using the programme SEAS version 3.0 
(Spatial Ecology Analysis System), designed by John Cary, Department of Wildlife 
Ecology, University of Wisconsin, Madison. Locations of roosting bats were not 
included in the foraging area estimates. The minimum convex polygon method 
(Beckoff and Mech, 1984; Southwood, 1966; Mohr, 1947) was used to determine the 
size of foraging areas. This method simply uses the outermost locations of an animal 
to form a convex polygon. Unfortunately this means that the total area utilised it is 
estimated rather than the area utilised in normal movements (Harris et al., 1990). The 
minimum convex polygon method was used as it is the only method strictly 
comparable between studies (White and Garrot, 1990; Harris et al., 1990) and 
therefore allows comparison between long-tailed bats in South Canterbury, the 
Eglinton Valley and the Urewera National Park. The area enclosed by 95% of the 
locations was used (95% contour) to estimate size of foraging area to eliminate 
extreme outliers that may have resulted from incorrect locations taken while bats 
were in areas with limited accessibility. 
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To determine the number of fixes required for an accurate estimate of the size 
of foraging area, plots of 'size of foraging area' (locations were added to the database 
randomly) versus 'the number of locations' were drawn for each bat. The number of 
fixes required to make an accurate estimate of foraging area is defined as the point 
on the X-axis at which 'size of foraging area' reaches at) asymptote. If the plot does 
not reach an asymptote an insufficient number of fixes has been obtained (Harris et 
al., 1990). 
Bats did not forage within their foraging area in a uniform manner; bats 
frequently returned to the same areas in the same night and between nights. Hence, 
the core areas of their foraging areas were defined to obtain an insight into individual 
patterns of range use and to determine the proportion of overlap' between the 
foraging areas of radio-tracked bats. The kernal polygon method (Worton, 1989) (also 
available on SEAS v.3.0) was used to determine the core areas as it was found to be 
the best method_ for estimating the shape of bats' foraging areas. To determine core 
areas for bats, plots of 'area' versus 'the kernal polygon isopleth value' were drawn 
following the method discussed by Harris et al. (1990). The core area is defined as 
the point on the Y-axis corresponding to the inflection point of the curve (Harris et 
al., 1990). 
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Results 
Evidence of habitat selection from distributional records 
During the study, a number of anecdotal records of roosting and foraging bats 
were collected. These were combined with the records collated by Daniel and 
Williams (1984) and Department of Conservation records to produce a preliminary 
distribution of bats in South Canterbury (see Chapter 3). As can be seen in Fig. 4 
(Chapter 3), anecdotal sightings depict an association between bats and the river 
systems of the region. Conversely, records do not appear to be closely associated 
with the fragmented remnants of indigenous forest left on the foothills, although bats 
still occur in Peel Forest and around Talbot Forest in Geraldine. 
Analysis of automatic monitoring data 
Results from the automatic monitoring carried out at Peel F~rest and Hanging 
Rock illustrate the use of a wide range of different habitats including: open air above 
limestone outcrops, native scrub, river, willow copse, road through forest, forest 
canopy and above pond (Figs 11 and 12a). Feeding buzzes paralleled bat passes 
[Spearman Rank Correlation; rsp = 0.69, n=166, p <0.001 (Peel Forest sampling area) 
and rsp = 0.83, n=179, p <0.001 (Hanging Rock sampling area)]J-.but at a reduced level 
(6.7% of the level of bat passes at Hanging Rock and 7.4% at Peel Forest). 
Consequently, only bat passes were used as an indication of activity. 
At Peel Forest, no significant difference in foraging activity between sampling 
sites (location of bat monitors) in the same habitats were found (Mann-Whitney U-
test, p always >0.075) so these data were pooled in subsequent analyses. 
Habitats were not used evenly in the Peel Forest sampling area (Fig. 11). A 
Kruskal-Wallis analysis of variance showed that summer bat activity across habitats 
was heterogenic (H = 64.071, d.f. = 6, P <0.001). A comparison between individual 
habitat types using a Mann-Whitney U-test showed that activity in Pond, Road and 
Forest Canopy was significantly higher than in the other four habitats (Mann-
Whitney U-test, p always <0.05). Activity in Forest Canopy was significantly less 
than in Pond (Mann-Whitney U-test, p = 0.010) but there were no significant 
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differences in activity between Forest Edge, River or Grassland and Forest Interior 
(Mann-Whitney U-test, p always >0.375). No bats were recorded using Forest Interior 
and very few bats were recorded using River, which contrasts with the Hanging Rock 
area where River was used extensively. Insufficient data was collected during the 
winter at Peel Forest to allow the same comparison to be carried for winter. 
Inter-site variation in foraging activity was greater at Hanging Rock with 
significant differences occurring between sites within Willow and River habitats. 
River site 4 (a shallow pool on the edge of the river and bordered by alder plantings 
on one side) was the centre of a large amount of bat activity especially during late 
autumn. Activity levels at site 4 were significantly higher than that recorded in sites 
2 or 3 (Mann-Whitney U-test, p <0.05). Site 3 (an area of fast flowing water) recorded 
the lowest activity. In Willow habitat, activity at sites with pools of water present 
was significantly higher than dry sites (Mann-Whitney U-test, p <0.001). However, to 
test for overall differences between habitats, data from the same habitats were once 
again combined. 
Results from ,automatic sampling during summer showed that habitats were not 
used evenly at Hanging Rock either (H = 16.585, d.f. = 3, P <0.001), (Fig. 12a). 
Activity recorded in willow copse was significantly higher than in Limestone or 
Scrub (Mann-Whitney U-test, p <0.001) and activity on River was significantly higher 
than in ?cru~ (i'v!ann-Whitney U-test, p = 0.023). No significant difference between 
Limestone or Scrub could be detected (Mann-Whitney U-test, p = 0.365). 
Habitat use did not seem to vary greatly with season (Figs 12a and 12b). River 
and Willow appeared to remain the most important habitats during the winter, but 
because of an increase in variance of bat activity there was no significant difference in 
recorded activity levels between different habitats during winter (Mann-Whitney U-
test, p always >0.105). The increase in variance can possibly be attributed to bats 
only emerging to forage on warmer nights during this period of sampling but on 
these nights activity levels were as high, if not higher than in summer (see Chapter 4) 
This could be because when the weather is fine they have to get as much feeding 
done as possible as it may not be suitable for some time after. 
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Figure 11. Variation in foraging activity by long-tailed bats between habitats 
during summer (November 1994 to January 1995) at Peel Forest as recorded by 
automatic monitoring. Difference between means was tested using a Kruskal-
Wallis test; letters indicate means differ by p <0.05 in an unplanned comparison 
of means. 
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Figure 12a Variation in foraging activity by long-tailed bats between habitats 
during summer Ganuary to March 1995) at Hanging Rock as recorded by 
automatic monitoring. Difference between means· was tested using a Kruskal-
Wallis test; letters indicate means differ by p <0.05 in an unplanned comparison 
of means. 
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Figure 12b Variation in foraging activity by long-tailed bats between habitats 
winter (May to July 1995) at Hanging Rock as recorded by automatic 
monitoring. 
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Radio-tracking 
Of the six females and three males that were fitted with radio transmitters; one 
female disappeared (presumably the transmitter fell off) and the three males all 
scratched their transmitters off after one to three days. Consequently, the data comes 
predominantly from five female bats. However, the five females were all post-
lactating adults so the sample is assumed large enough to represent this sector of the 
population. I was in contact with the bats for a total of 75 bat nights and 
accumulated a total of 290 hours tracking time of bats outside day roosts. 
Three of the female bats radio-tracked spent a significant amount of time (22% -
48% of total foraging time) in a valley adjoining the Opihi River system. This valley 
contained a mosaic of habitat consisting of farmland, native scrub remnants, 
limestone outcrops, willow copse, and a stream/wetland system which drained into a 
. . 
lake. Bats could not be assigned to particular habitats while in this valley as it was 
impractical to visit this area at night (foot access only). Consequently, this 
component of foraging time was left out of subsequent analysis. No seasonal 
differences in habitat use were noted except for an increased use of the valley 
mentioned above in winter so seasonal differences were not taken into account in the 
analysis. The numbers and proportions of radio-tracking locations in each habitat 
type for the five radio-tracked female bats is shown in Table 5.3 below. 
Habitat use 
Results from the radio-tracking supported the results obtained from the 
automatic habitat sampling. Use of habitat was different from availability for all five 
bats as was shown by Chi-square analysis with the majority of locations in Willow 
and along the River. Bonferonni Confidence Intervals constructed for the proportion 
of times a bat spent in each habitat type demonstrated that there was a distinct 
preference of some habitats over others. Table 5.4 below presents the results of 
preference and avoidance of each habitat for the five radio-tracked female bats. 
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Table 5.3 Numbers and percentages of radio-tracking locations in each habitat type 
for five female bats. 
Habitat Bat 1 Bat 2 Bat 3 Bat 4 Bat 5 
type 
Number % Number % Number % Number % Number % 
L 18 13.0 9 6.1 7 13.7 9 8.8 6 6.3 
S 8 5.8 11 7.4 2 3.9 2 4.2 2 2.1 
W 59 42.8 54 36.5 16 31.4 22 45.8 50 52.1 
R 48 34.8 64 43.2 16 31.4 10 20.8 30 31.3 
F 5 3.6 10 6.8 10 19.6 5 lOA 8 8.3 
Tot 138 100.0 148 100.0 51 100.0 48 100.0 96 100.0 
Note, L = limestone; S = scrub; W = willow; R = river; F = farmland. 
Table 5.4 Summary of preference and/ or avoidance of the five habitat types by five 
adult female bats. 
Degrees Habitat 
X2 of Proba-
--" -
Bat No. Statistic freedom bility L S W R F 
1 348.3 4 <0.001 P P P Av 
2 375.4 4 <0.001 P P P Av 
3 81.7 4 <0.001 P P Av 
4 115.9 4 <0.001 P P Av 
5 231.9 4 <0.001 P P Av 
All 1153.2 20 <0.001 
Note: L = limestone; S = scrub; W = willow; R = river; F = farmland. P = preference 
(if confidence interval includes proportion of habitat available; Av = avoidance of 
that habitat (if confidence interval does not include proportion of habitat available). 
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Size of foraging areas 
A large enough number of radio locations were obtained to estimate asymptotic 
home range (Figs 13a-e) and thus estimate the size of foraging areas for five female 
bats. However, an insufficient number of locations meant that the same could not be 
achieved for the three radio-tagged male bats (Figs. 13f-h). Sizes of female foraging 
areas are displayed in Table 5.5; these were similar and did not seem to vary greatly 
with season. A pictorial depiction of the foraging ranges for the five female bats, as 
determined by the minimum convex polygon method, are shown in Fig. 14. 
Table 5.5 Size of foraging area for the five radio-tracked female bats estimated by 
the minimum convex polygon method using the area enclosed by 95% of 
triangulations. 
Bat 
1 
2 
3 
4 
5 
Number of Number of Size of foraging 
locations nights area (ha) 
138 13 475 
148 14 462 
51 6 322 
48 8 456 
96 14 642 
The furthest distance a bat was located away from its capture site was 4.4 km. 
This male was tracked in February and used several widely separated roost sites (see 
Chapter 6) over the time it was followed. The maximum distance a female was 
found away from a capture site was 2.8 km. This is the only indication that male 
bats might range over larger areas than females. 
(a) 
(c) 
(e) 
(g) 
600 
-;;; 480 
.5 
"' o 
:;; 380 
o 
'" c 
"' 240 I" 
o 
E 
~_120 
1 
O+.----~----r_--~----_r--~ 
o 40 80 120 160 200 
Number of fixes 
500 
3 
-;;; 450 
.5 .. 
~ 400 
"' 
0 
DI 
c 350 
"' I" 
0 
E 
0 
300 
:l: 
250 
0 15 30 45 60 75 
Number of fixes 
750 
5 
-;;; 650 
.5 
"' ~ 550 
'" ., 
CI 
c 450 
'" I" 
0 
E 
0 
350 
:l: 
250 
0 30 50 90 120 150 
Number at tixes 
2.5 
7 
-;;; 
.5 
2.4 
'" ~ 203 .. 
0 
'" c 2.2 ~ .. I" 0 E 2.1 
0 
:l: 
2.0 
0 12 18 24 30 
Number ot tixes 
(b) SOD 2 
-;;; 400 
.5 
"' 0 
"' 300 
0 
CI 
C .. 200 
I" 
0 
E 
0 100 :l: 
0 
a 20 40 60 80 100 120 140 
Number of fixes 
(d) 
3.5 
4 
-;;; 2.8 
.5 .. 
~ .. 2.1 
0 
co 
c .. 1.4 
I" 
0 
E 
0 0.7 :l: 
0.0 
0 18 35 54 72 
Number ot tixes 
75 
6 (f) 
-;;; 60 
.5 
'" 0 ~ 45 "' ., 
CI 
c 
'" 30 I' 
'" E 
0 15 :l: 
0 
10 12 14 16 18 
Number ot fixes 
50 
(h) 8 
-;;; 55 
.5 
'" ~ So .. 
0 
CI 
c 45 
"' I' 
D 
E 40 
0 
:l: 
35 
10 12 14 16 18 
Number at fixes 
Figure 13. Relationship between the number of radio locations and size of 
foraging area for (a-e) five female and (f-h) three male long-tailed bats. 
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Figure 14, Foraging areas determined by the minimum convex polygon method 
for five female long-tailed bats and available habitat. Habitats are: willow copse 
(hatched), limestone cliffs (stippled), scrub (scrub pattern), main river system 
(large dots) and streams (small dots). 
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Core areas 
No evidence of territoriality between individuals was found. Considerable 
overlap was found between the core areas (areas of concentrated activity) of 
individual's foraging home ranges (Fig. 15). The inflection point (the point at which 
the slope of the curve changes) differed slightly between bats (Figs. 16a-e). However, 
to determine overlap between individual's core areas, the core areas were defined for 
all female radio-tracked bats as the area within the 50% isopleth. Furthermore, 
several observations were made during the study of aggregations of long-tailed bats 
feeding above limestone outcrops and along the river. Automatic bat monitors also 
frequently recorded large amounts of activity that could only be made by a group of 
bats in short periods. 
Influence of roost sites on foraging areas 
The centre of core areas within the foraging "areas of female bats were on 
average 1.3 km (range 0.5-2.3) from day roost sites. However, night roosts were very 
much closer, on average 0.2 km (range 0.02-1.6) (Fig. 15). 
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Figure 15. The position of day roosts and core areas of five female bats. Core 
areas are for Bat 1 (---), bat 2 ( .... ), bat 3 (-t .. .,), bat 4 (-) and bat 5 (- -). 
Empty circles indication location of day roosts and shaded circles; night roosts. 
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Discussion 
Evidence of habitat selection from distributional records 
The distribution of anecdotal records across South Canterbury indicates an 
association between bats and the riyer systems in this region. The automatic 
sampling and radio-tracking carried out at Hanging Rock portray a similar picture 
with bats shown to extensively use the Opihi River and the river-side willow 
plantings. Numerous studies have found wetland areas to be important foraging 
areas for insectivorous bats (Barclay, 1985; Furlonger et al., 1987; Jones and Rayner, 
1988; McAney and Fairley, 1988; Brigham, 1991; de Jong and MIen, 1991; Brigham et 
al., 1992; Rachwald, 1992). Lumsden and Bennett (1995), trapping insectivorous bats 
in south-eastern Australia, obtained a much higher rate of capture of C. gouldi and C. 
morio in riverine woodland. 
The primary factor contributing to this is thought to be the higher insect 
abundance associated with these areas (Brigham, 1991; de Jong and Ahlen, 1991). 
The river systems of South Canterbury also create ecotones in an otherwise uniform 
landscape. Other habitats preferentially exploited by long-tailed bats during the 
study include limestone, pond, forest canopy and road through-forest, all ecotones, 
whereas farmland was avoided. Ecotones have been noted to harbour high insect 
densities and diversity (Lewis, 1970; Rachwald, 1992; Clark et al., 1993). 
The low levels of activity recorded at river sites in the Peel Forest study area 
may reflect the nature of the Rangitata River. The Rangitata River is a fast-flowing, 
braided river largely fed by glacial melt. Myotis adversus has also been found to 
avoid foraging over fast-flowing water (Jones and Rayner, 1991). They suggested that 
the high frequency noise generated by fast-flowing water may interfere with 
echolocation calls and reduce a bat's ability to catch prey (Frencknell and Barclay, 
1987; Mackay and Barclay, 1989). The turbulent water surface may also reduce echo 
to such an extent that it impairs a bat's ability to determine its height (Jones and 
Rayner, 1991). River site 3, in the Hanging Rock study area situated at a stretch of 
fast flowing water also recorded very low activity levels. 
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Foraging flexibility 
Many insectivorous bat species have been noted to be flexible and somewhat 
opportunistic in their foraging behaviour, e.g., Myotis spp. (Fenton and Morris, 1976; 
Fenton and Bell, 1979; Vaughan, 1980); Scotophilus Ieucogaster (Barclay, 1985); 
Rhinolophus hipposideros (MeAney and Fairley, 1988); E. fuscus (Brigham, 1991); M. 
emarginatus (Krull et al., 1991); M. yumanensis (Brigham et al., 1992); Nycteris grandis 
(Fenton et al., 1993). The primary factor thought to be responsible for this 
adaptiveness is a patchy and unpredictable distribution and abundance of prey 
(Fenton and Fullard, 1979 in Woodsworth et al., 1981; Bell, 1980). During the study, I 
observed on a number of occasions aggregations of long-tailed bats feeding in the 
same area, suggesting that long-tailed bats· may be responding opportunistically to 
patches of high prey density. Fenton and Morris (1976) suggested that bats may cue 
in on the feeding sounds of other bats to locate good foraging areas. 
However, in countries where many different bat species forage sympatrically, 
habitat and micro-habitat partitioning occurs, e.g., Rhinolophus hildebrandti, Scotophilus 
borbonicus, Tadarida midas (Fenton and Rautenbach, 1986); Euderma maculatum 
(Furlonger et al., 1987); Myotis myotis (Audet, 1990). O'Neill and Taylor'S (1986) 
observations in Tasmania showed that Chalinolobus spp. flew irrmore open areas than 
sympatric bat species. Given New Zealand's low diversity of bats and that short-
tailed bats are so different it is not surprising that long-tailed bats are foraging 
habitat gene!alists. 
Concurrent studies and anecdotal sightings from around New Zealand record 
long-tailed bats from a wide range of habitats (O'Donnell 1993; Molloy, 1994). 
Anecdotal records in South Canterbury also come from a variety of habitats. Results 
from the habitat sampling in Peel Forest and Hanging Rock illustrate the use of quite 
dissimilar habitat types (foraging within willow copse is undoubtedly different to 
foraging over open river or forest canopy) and the bats' extensive use of willow 
copse at Hanging Rock indicates that they have adapted to foraging in new habitats. 
Thus it is possible to conclude that long-tailed bats are flexible about the habitat in 
which they forage. 
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However, there may be a limit to this flexibility; no bats foraged within the 
forest interior at Peel Forest. The vegetation of Peel Forest is very dense and may 
present a physical barrier to foraging long-tailed bats. Long-tailed bats are known to 
forage within beech forest in Fiordland (c. O'Donnell, pers. comm.) but this forest 
type is considerably more open than Peel Forest. 
Size of foraging areas 
Size of foraging areas did not differ greatly between individual female bats and 
did not seem to vary notably over the radio-tracking period (from the end of January 
to the middle of May). The size of these foraging areas contrasts significantly with 
that of female bats tracked at the same time of year in the Eglinton valley. Eglinton 
Valley bats have been noted to commute over much greater distances to foraging 
areas (c. O'Donnell and J. Sedgeley pers. comm.). I think the dissimilarity apparent 
between individuals of the two populations results from the differences in habitat 
composition between the two areas. In the Eglinton Valley, habitats are much more 
homogeneous. Bats would therefore have to travel further to find alternative habitats 
for foraging. The Hanging Rock area contains a variety of habitats all within a small 
area and, consequently, bats do not have to commute large distances to find different 
foraging habitats. 
However, individuals from larger colonies have been found to disperse further 
on average_in ()rder to reduce competition for food resources (Erkert, 1982). I 
consider this possibility unlikely, as there is little evidence that food is limiting for 
insectivorous bats (Fenton, 1990). However, if it were true for long-tailed bats, it may 
prove a useful method for estimating the size of populations. 
Utilisation of foraging areas 
Radio-tracked bats often returned to the same foraging areas during the night 
and on consecutive nights, displaying a degree of attachment to good foraging sites. 
The same behaviour has been recorded for a number of temperate bat species, e.g., 
Pipistrellus pipistrellus (Racey and Swift, 1985); Eptesicus nilssoni (Rydell, 1986); M. 
myotis (Audet, 1990); Myotis emarginatus (Krull et al., 1991). The extensive overlap in 
foraging areas of radio-tracked bats and observations of groups of bats feeding in the 
73 
same area denotes a distinct lack of territoriality. Krull et al., (1991) suggested that 
one of the reasons Myotis emarginatus was not territorial was that they flew over large 
areas. I think this is also likely to be the case for long-tailed bats. 
Influence of roost sites on foraging areas 
All radio-tracked bats foraged within 4 km of day roost sites implying a definite 
relationship between roost sites and foraging areas. However, the close proximity of 
day roosts to each other (see Chapter 6) and the fact that bats did not select roost 
sites closer to foraging areas suggests that foraging areas were dependent on day 
roosts rather than vice versa. Geggie and Fenton (1985) also found evidence to 
suggest that roost availability has an important influence on the location of foraging 
areas of bats. Night roosts were very much closer to foraging sites emphasising their 
importance for reducing commuting costs to and from day roosts (Fig. 15). 
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Chapter 6 
Roost Selection of Long-tailed Bats in South Canterbury 
Introduction 
Roost sites are critical for the survival of bats. Not only do they provide 
protection from predators and adverse weather but, for many species, they also 
supply sites for mating and the rearing of young (Kunz, 1982). Research in the 
Eglinton Valley has shown that female long-tailed bats form maternity colonies when 
giving birth and rearing young (c. O'Donnell, pers. comm.). Chalinolobus spp. in 
Australia (Hall and Richards, 1979) have also been found to form maternity colonies. 
For a large number of insectivorous bats, roosts also play a large part in reducing 
metabolic costs (Bell et al., 1986; Roverud and Chappell, 1991). Many insectivorous 
bats rely on heterothermy (the ability to lower internal body temperature and hence 
. reduce metabolic rate) to survive periods of severe cold and low food availability and 
these species must seek roosts that facilitate the regulation of body temperature. 
The roosting behaviour of bats is influenced by a number of factors, some of 
which include: roost availability and abundance, threats from predators and the 
distribution of food resources (Kunz, 1982). The fidelity of bats to roost sites seems 
to follow two different patterns (Fenton et al., 1993). Some bats use the same roost 
consistently for long periods while others change roost site nearly every night. 
In the Eglinton Valley, long-tailed bats appear to display a low degree of roost 
site fidelity, often switching roost sites on successive nights (c. O'Donnell, pers. 
comm.). It has been suggested (e.g., Morrison, 1980; Fenton et al., 1985) that roost 
switching reduces the risk of predation by making it more difficult for predators to 
locate roosts. Long-tailed bats may change roosts frequently as a response to 
predators such as moreporks (see Chapter 3). However, other factors may also be 
involved, such as the abundance and permanence of roost sites, the proximity and 
stability of food resources (Kunz, 1984) and the risk of parasites and disease (Fenton 
et al., 1993). 
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Seasonal roost changes are common for many bat species, e.g., Eptesicus fuscus 
(Mills, et al., 1975), Antrozous pallidus (Vaughan and O'Shea, 1976) Pipistrellus hesperus 
(Hayward and Cross, 1979 in Kunz; 1982) and Nyctalus noctula (Gaisler, et al., 1979 in 
Kunz, 1982). Research in Australia has shown that, in winter, bats tend to move to 
cold roost sites suitable for hibernation (Ride, 1970). Low temperatures allow bats to 
become torpid and slow their metabolic rate, hence conserving stored fat reserves at a 
time when food is scarce (Ride, 1970). In winter, the most efficient roost sites will be 
those that provide cold temperatures to allow for torpor, while being situated in 
areas where insects will be most abundant on winter nights when the bats emerge. 
In smp.mer, the most efficient roosts will be those that make it easy for bats to 
maintain high body temperatures with the lowest energy expenditure (Ride, 1970). 
Night roosts are also used by some bat species (Maier, 1992; Kunz, 1982). These 
roosts are used primarily as sites for prey consumption and digestion, and resting 
between foraging bouts (Kunz, 1982) and presumably the criteria for their selection 
differs markedly from day roosts. Bats are unlikely to be as dependent on night 
roosts for temperature regulation as they are used for much shorter periods than day 
roosts. The critical factor likely to govern the selection of night roosts is their close 
proximity to foraging areas, so that expensive commuting between day roosts and 
foraging areas is minimised (Kunz, 1982). 
Little is known about the roosting ecology of long-tailed bats and other than 
preliminary results from research in the largely forested Eglinton Valley, Fiordland 
(c. O'Donnell, in prep.) and what is known comes almost entirely from anecdotal 
records. Anecdotal records document long-tailed bats using a wide variety of roost 
types (Daniel and Williams, 1984) suggesting that long-tailed bats are relatively 
opportunistic in their selection of roost sites. Although most records come from 
hollows in trees (both indigenous and exotic species) and under flaking bark (Daniel 
and Williams, 1982), they have been recorded roosting in caves, rock crevices and 
even under bridges and in buildings. Tidemann and Flavel (1987) noted the 
adaptability of tree hole roosting species and argued that the origin of the roost site is 
unimportant, as long as other requirements are met. 
76 
Information on the roost types used by long-tailed bats and how they are 
utilised is central to an understanding of their ecology. It is also essential to the 
management of refuge areas to promote their continued survival. The objective of 
this part of the study was to determine the roosting habits of long-tailed bats in 
South Canterbury, to identify the roost types used and to locate important roosting 
areas. Radio-tracking and visual observations were used to locate roosts and assess 
roosting habits. Captures of bats emerging from roost sites and observations of bats 
leaving roosts at dusk 'were carried out to assess the demography and number of bats 
using the roost. 
Methods 
Finding roosts 
Roosts were initially located by observing bats returning to limestone outcrops 
at dawn. However, after the first bats had been caught (Chapter 2) further day 
roosts were found by radio-tracking (Chapter 2). Night roosts were also located by 
radio-tracking. 
Roost attributes 
To reach roosts located in trees, a rope and ascenders (jumars) were used and a 
combination of this technique and abseiling was used to reach roosts found in 
limestone bl~ff~. Where possible, attributes of the roost interior and entrance were 
measured (Table 6.1). These attributes were based on those used by Tidemann and 
Flavel (1987) as they were found to be applicable to both the limestone and tree 
roosts found in this study. 
Dimensions of the roost interior were measured with a piece of flexible wire 
and the aspect of the roost entrance was established using a compass. For tree 
roosts, the height, DBH, and maturity of the tree were also recorded. 
Table 6.1 Attributes used to characterise limestone and tree roost sites. 
Entrance attributes 
Height of entrance 
Number of entrances 
Aspect of entrance 
Major dimension of entrance 
Minor dimension of entrance 
Cavity attributes 
Major dimension of cavity 
Minor dimension of cavity 
Maximum depth of cavity 
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The demography and number of bats occupying roosts was determined by 
observations of bats emerging at dusk (Chapter 4) and by capturing bats at roost sites 
(Chapter 2). Fidelity of bats to roost sites was determined by radio-tracking. 
Results and Discussion 
Anecdotal records of roosting bats 
Anecdotal records are the only information that has been available in the past 
on the roost sites used by long-tailed bats. Anecdotal records of roosting bats in 
South Canterbury from those compiled by Daniel and Williams (1984), the 
Department of Conservation and those collected during this study are listed in Table 
6.2. The majority of records are chance, one-off sightings and most records are of 
single bats roosting in farm buildings during the winter. Drawing conclusions about 
the roosting habits of long-tailed bats from these records should be done with 
caution. Table 6.2 gives the impression that farm buildings are favoured by long-
tailed bats over other roost types. However, bats are much more likely to be found 
roosting in farm buildings, because these places are subject to high human use. 
Conversely, the likelihood of people finding bats roosting in limestone and trees is 
low. 
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During the study, no radio-tracked bats roosted in farm buildings. The 10 
reports of bats roosting in farm buildings spans a period of 40 years, which suggests 
that instances of bats roosting in these sites are rare. The original 
podocarp /broadleaf forest that covered South Canterbury would have offered 
abundant roosting opportunities for long-tailed bats. However, very little of this 
forest remains and the use of farm buildings by bats is likely to be a result of the 
present scarcity of natural roosting sites (Daniel and Williams, 1981). 
Roost sites used by long-tailed bats 
Accordingly, in the Peel Forest study area bats were presumed to be roosting in 
the many large mature podocarps and other suitable native trees. However, only 
once were two bats observed emerging from an old hollow totara 50 m from the 
forest edge. It was virtually impossible to see bats at dusk from within the forest. 
At Hanging Rock, a total of 23 day roosts and 7 night roosts were found. Of 
the day roosts, 18 were in limestone crevices and 5 were in trees. The tendency for 
long-tailed bats to use limestone roosts was even more pronounced in the number of 
days spent in each roost type during the radio-tracking period. The three male and 
three female bats radio-tracked during the summer spent 87% (-68 of 78 days) of their 
days in limestone roosts, as opposed to 13% in tree roosts (10 of 78 days). During 
the winter, the two radio-tracked female bats roosted exclusively (31 of 31 days) in 
limestone crevices. 
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Table 6.2 Summary of the type of roost sites used by long-tailed bats in South 
Canterbury. (Source: Daniel and Williams (1981), Department of Conservation and 
this study). 
Roost type Date No of bats seen 
Tree roosts 
Ribbonwood* 1980 
Macrocarpa September 1988 1 
Macrocarpa winter 1992 3 
Totara* September 1995 
Limestone roosts 
cave c.1940 several 
cave* autumn 1984 2 
cave* winter 1986 12-18 
crevice* winter 1989 1 
crevice* summer 1990 3 
crevice* summer 1992 3 
crevice* summer 1996 1 
Artificial structures 
sack in shed June 1957 1 
farm house August 1958 1 
concrete culvert* c.1960 
sack in-shed August c.1965 1 
sack in shed October 1978 1 
disused lime kiln December 1978 1 
stack of firewood winter 1979 1 
sack in shed September 1979 1 
shed June 1980 1 
sack in shed * summer 1980 3-4 
shed June 1980 1 
caravan May 1986 1 
sack in shed * August 1995 1 
Note: *, anecdotal records collected during this study. 
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Roost attributes 
All limestone roosts found during the study were crevices in the main Hanging 
Rock scarp. These crevices were outwardly very variable but similarities were 
evident when the proportions of the roosts were measured. All limestone roosts, 
except one, were found to have entrances with a maximum dimension of 3.5 em, not 
much larger than the body depth4 of a long-tailed bat. The one exception, which 
was used during the winter, had a maximumCentrance dimension of 5 em, but the 
cavity was 1 m in depth and was narrowed toward the back of the cavity. A 
summary of the dimensions of limestone day roosts is displayed in Table 6.3 below. 
Table 6.3 Summary of entrance and cavity attributes of limestone roosts used by 
long-tailed bats at Hanging Rock, South Canterbury. Values are means and ranges. 
Attribute 
No. of roosts 
Number of entrances 
Height above ground (m) 
Major dimension (em) 
Minor dimension (em) 
Aspect (0-359°) 
Major dimension (em) 
Minor dimension (em) 
Maximum depth (em) 
Summer Winter 
10 3 
Entrance attributes 
1.3 (1-3) 
8.4 (2.0-15.0) 
39.0 (6.0-100.0) 
2.7 (2.3-3.5) 
349 (293-78) 
1.0{1) 
12.0 (8.0-18.0) 
136.7 (40.0-300.0) 
3.1 (2.1-5.0) 
000 (0) 
Cavity attributes 
28.0 (14.0-45.0) 
7.0 (3.0-10.0) 
14.4 (4.5-25.0) 
110.3 (31.0-230.0) 
3.2 (1.8-5.0) 
70.0 (40.0-100.0) 
4Body depth is measured as the distance between the dorsal and ventral surface of the bat 
and for long-tailed bats is about 1.5 cm. 
Table 6.4 Summary of entrance and cavity attributes of tree roosts used by long-
tailed bats at Hanging Rock. Values are means and ranges. Bats only used tree 
roosts in summer. 
Attribute Dimensions 
No. of roosts 5 
Entrance attributes 
Number of entrances 1.0 (1) 
Height above ground (m) 5.7 (1.5-10.0) 
Major dimension (cm) 10.8 (6.0-14.0) 
Minor dimension (cm) 5.7 (4.0-8.0) 
Aspect (0-359.°) 311 (180-90) 
Cavity attributes 
Major dimension (cm) 37.6 (25.0-70.0) 
Minor dimension (cm) 7.6 (4.0-15.0) 
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Bat species in Australia, including C. morio, have been observed to select roosts 
with similarly small entrance dimensions (Tidemann and Flavel, 1987; Taylor and 
Savva, 19882. ~idemann and Flavel (1987) suggested that the selection of these roosts 
has evolved as a response to a combination of predation pressure from tree climbing 
animals and competitive exclusion by either other bats or hole nesting birds. While it 
is likely that long-tailed bats have been exposed to similar selection pressures though 
perhaps at lower intensity, the occurrence of New Zealand long-tailed bats selecting 
roosts with these dimensions seems specific to the limestone scarp at Hanging Rock. 
Tree roosts used by long-tailed bats during this study had substantially larger 
entrance dimensions (Table 6.4) as did tree roost sites in the Eglinton Valley (pers. 
obs.). Additionally, long-tailed bats have previously been recorded roosting under 
limestone overhangs and caves in South Canterbury and are known to roost in caves 
elsewhere in New Zealand (Daniel and Williams, 1984). 
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Roosts as a limiting factor 
I believe that long-tailed bats may be excluded from roosting in larger crevices 
and cavities in the limestone at Hanging Rock because of competition from 
introduced birds such as starlings and rock pigeons. These birds were observed to be 
in large numbers at Hanging Rock and were noted to use the limestone scarp as a 
nesting area. Competition for roost sites between birds and bats has been observed 
in Europe (Krzanowski,1969 in Tidemann and Flavel, 1987; Stebbings and Walsh, 
1985 in Tidemann and °Flavel, 1987) and starlings have been recorded evicting bats 
from tree roosts, e.g., Nyctalus spp. (Mason et al., 1972; Maeda, 1974 in Tidemann and 
Flavel, 1987). Disturbance by humans is another possible factor now limiting long-
tailed bats to crevices; many of the caves in South Canterbury are regularly visited by 
people. 
Kunz (1982) noted that the availability and physical capacity of roost sites can 
set limits on population size and the dispersion of bats. It was not feasible to assess 
the extent of available roosting habitat during this study and therefore determine if 
the South Canterbury population was limited by roost site availability. However, the 
limestone roost sites used by long-tailed bats in this study were small, and would not 
have allowed large numbers of bats to roost communally as they do in the Eglinton 
Valley (c. O'Donnell, pers. comm.). Clustering would therefore be unavailable to 
bats as a means of facilitating thermoregulation (clusters of bats serve to reduce heat 
loss froIll in~iv~duals) (Roverud and Chappell, 1991). This may have a profound 
impact on maternity colonies, which are characterised by their high temperatures 
generated by large numbers of bats (Baudinette et al., 1994) 
Seasonal changes in roost sites 
Due to the inaccessibility oof some limestone roosts, only 13 of the 18 could be 
measured. Although the sample sizes were small, the roost sites used by radio-
tracked bats during the winter appeared to differ from those used in summer. No 
bats during the winter were observed roosting in sites occupied by bats in summer 
and I consider summer and winter roost sites to be exclusive. Roosts used in winter 
had comparably small entrance dimensions, but were much greater in depth, than 
summer roosts (Table 6.3) (Plate 6). In summer, bats roosted just beneath the surface 
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of the limestone (Plate 8). Four observations of bats within roosts during winter 
suggested that bats roosted further from the roost entrance in winter than in summer. 
I believe that long-tailed bats select shallow roosts in summer because these 
sites offer higher temperatures during the day. The Hanging Rock limestone scarp is 
north-facing and is exposed to the sun for most of the day. Consequently, shallow 
roosts are subject to solar heating and bats do not have to expend energy to keep 
warm. The deeper crevices used in winter allow bats to isolate themselves from 
temperature variability and extremes. Deeper crevices, because of their greater 
insulation from solar heating, are also likely to remain cooler during the day, thus 
allowing bats to conserve energy by remaining in torpor during the day. When 
arousing in the evenings, long-tailed bats may further be able to reduce energy 
expenditure as solar heating would eventually increase the temperatures in these 
crevices late in the day. Parallel roosting habits are displayed by Pipistrellus hesperus 
and Antrozous pallidus apparently for similar reasons (Vaughan and O'Shea, 1976; 
Hayward and Cross, 1979 in Kunz, 1982; Kunz, 1982). 
Demography and number of bats occupying roosts 
During the summer, bats were counted while leaving roosfs. Of 39 dusk 
watches during the summer, the average number of bats leaving a roost was 4.2 
(range 1-10). During the winter bats could not be seen leaving roosts as they 
emerged aft~r qark. However, on the bat detector it appeared bats were roosting 
singly. Four bats were inspected at roost sites during the winter and all were found 
to be roosting singly. Of the eight roosts where bats were caught, two contained 
groups of only females, three contained both males and females and the other three 
roosts contained single bats. 
Plate 6. Summer roost in limestone. Maximum roost depth is 14 
em and is covered by a layer of limestone a mere 3 em thick. 
Plate 7. Winter roost in limestone. Roost shown by arrow. 
Maximum depth is 40 em and crevice goes straight into limestone. 
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All bats found in roosts were adults and there was no sign that juveniles 
occupied these roosts, although one lactating female caught on 31 January, indicated 
that there may be a maternity colony at Hanging Rock. The limestone outcrops may 
be the only area in the region where maternity colonies can exist, given that one of 
the requirements for such sites is permanency (Baudinette et al., 1994). This could 
also explain the potentially high female bias in the bats caught at Hanging Rock; 12 
female bats were caught as opposed to six males. 
Night roosts 
Night roosts were used frequently by foraging bats. Seven night roosts were 
found, two in limestone, four in mature willow trees and one in an old but still living 
radiata pine. These roosts all offered shelter but were in considerably more exposed 
situations than day roosts suggesting that these sites were not required for 
thermoregulation. Night roosts were very much closer to foraging areas than day 
roosts (see Chapter 5) suggesting that these toasts were used primarily to reduce 
commuting costs. The same roosts were often used on subsequent nights and 
commonly used several times by the same individual on the same night. Night 
roosts were frequently used for short periods of time, several minutes but also for 
extended periods up to 1.5 hours. 
Fidelity to day roosts 
During this study, radio-tracked bats changed day roosts frequently. The three 
females and three males radio-tracked during summer spent an average of only 1.7 
(range 1-3, n = 21) consecutive days in each roost. The small sample size did not 
allow differences between males and females to be determined. Bats studied in the 
Eglinton Valley displayed similarly low fidelity to roost sites (c. O'Donnell, pers. 
comm.), indicating that a large number of roost sites are required by a population. 
During winter, radio-tracked bats changed roosts less frequently. The two 
radio-tracked female bats spent an average of 3.6 (range 1-11, n = 8) consecutive days 
at each roost. However, the recorded lower frequency of roost switching in winter 
can be partly attributed to bats not emerging on some nights and subsequently 
remaining in the same roost. 
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The high frequency of roost switching evident in this study is possibly in 
response to past selection pressure from moreporks. Moreporks are now rare in 
South Canterbury and were not observed during the study in the Hanging Rock area. 
However, little owls (Athene noctua) were twice seen attacking bats emerging from 
roosts at dusk. Overseas studies have shown that, although little owls are more 
likely to prey on ground dwelling animals, they are known to take bats (Cramp, 
1985; Bekker and Mostert, 1991). 
Kunz (1982) suggested that bats are more likely to display fidelity to roosting 
areas than particular roost sites. This has been shown to be the case for Nyctophilus 
gouidi (Lunney et al., 1988) and Taylor and Savva's (1988) study on four bat species in 
New South Wales also supported this idea. Although radio-tracked bats, during this 
study, regularly switched roost sites they restricted their roosting to the Hanging 
Rock area and almost exclusively to the main limestone escarpment at Hanging Rock. 
All roosts, except for two tree roosts that were on farmland, were within a 1.25 km 
radius. The two tree roosts found outside this radius were 1 km and 1.4 km from the 
nearest other roost. 
Faithfulness to the Hanging Rock limestone area is further-emphasised by the 
small distances between successive roosts used by radio-tracked bats. Distances 
between roosts used by females ranged from 30 m to 1700 m and averaged 379 m (± 
366 SD; n =_~6)~ whereas those for males ranged from 1000 m to 2700 m and 
averaged 1567 m (± 982 SD; n=3). No difference was found between summer and 
winter for the distance between successive roost sites and data from both seasons 
were included in the sample. The small sample sizes do not allow males and females 
to be compared. 
The frequency of roost switching observed in this study could indicate that 
suitable roost sites were common. However, many of the roost sites located during 
this study were used successively by different bats suggesting the reverse. I believe 
that, for the long-tailed bats in the Hanging Rock area, the limestone outcrops 
probably offer the majority of roosting opportunities. In this study, radio-tracked 
bats roosted predominantly in limestone crevices. Very few day roosts were used by 
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radio-tracked bats outside the main limestone bluff system at Hanging Rock despite 
foraging areas of these bats being up to 2 km away. The higher number of anecdotal 
records of roosting bats from farm buildings during winter suggests that suitable 
sites for hibernation may be even more scarce. 
It is impossible to determine from this study if the Hanging Rock limestone 
scarp is used over neighbouring limestone bluff systems because it is favoured or 
because it offers the only suitable roost sites in the region for long-tailed bats. The 
Hanging Rock scarp is north facing and is exposed to the sun for most of the day 
and thus is likely to offer favourable micro-climates for bats. South facing limestone 
bluff systems, that were apparently similar in composition to the main Hanging Rock 
scarp, are also present in the Hanging Rock study area. However, bats were not 
observed to use these areas during the study. 
Threats to roost sites 
The Hanging Rock limestone area is a popular rock climbing location. Two 
rock climbing routes were observed to pass directly over bat roosts and several 
others were very close to roosts. Two rock climbers who were spoken to recounted 
incidents where they had disturbed roosting bats, bats flew offill both accounts. 
Roost site disturbance has been identified as a possible threat to bat populations 
(Molloy, 1994), and Daniel (1991) stated that bats disturbed in winter are prone to 
starvation .. ?ther possible threats to roosting sites identified during the study 
include: the demand for willow trees as firewood and intensive grazing of areas 
containing remnant scrub. Willow trees were used extensively as night roosting sites 
by bats. They are also used for firewood and these roosts may be at risk. Two day 
roosts used by bats were in cabbage trees amongst remnant scrub at the base of the 
limestone. Unfortunately, this area is currently heaVily grazed by both sheep and 
goats and these tree roosts are also at risk. 
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Chapter 7 
General Discussion 
Introduction 
During this study the distribution and abundance, activity patterns, patterns of 
habitat use and roost site selection of a population of long-tailed bats were studied. 
This study focused on a population existing in a habitat that on the surface seemed 
unsuitable for long-tailed bats. The habitat differed greatly from that occupied by 
other long-tailed bat populations and was very different from the habitat in which 
the species evolved. 
The results obtained during the study do not provide all-encompassing details 
of the above aspects of the bat's ecology but they do provide an insight into how 
long-tailed bats have persisted in South Canterbury. Not all the objectives of this 
study could be accomplished. A description of the demographic status of the 
population could not be obtained as I was unable to catch a large enough sample of 
bats and only a preliminary distribution of bats could be established within the time 
frame of this project. The other objectives of the study were achieved but, in some 
instances fUl'ther research is required to provide more rigorous results. 
In this chapter I review the information presented in the preceding chapters and 
discuss it within the broader context of bat research in New Zealand. Details are 
given as to how this study complements concurrent studies. I also discuss the 
implications this research has for the conservation of South Canterbury's long-tailed 
bat population and subsequently other long-tailed bat populations in New Zealand. 
Factors affecting distribution and consequently survival 
This study focused on two very dissimilar areas of South Canterbury: Peel 
Forest and Hanging Rock. Peel Forest comprises the largest remaining area of 
indigenous forest in South Canterbury whereas Hanging Rock has been extensively 
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. modified for agriculture and retains no indigenous forest. Based on existing 
knowledge of the habitat requirements of long-tailed bats and the belief that lowland 
forest clearance has been one of the major contributing factors in their decline, Peel 
Forest would appear to provide the most suitable foraging and roosting habitat for 
bats in South Canterbury. Consequently, it was anticipated that Peel Forest would 
support a greater number of bats than other parts of South Canterbury. Contrary to 
expectation, this study indicated that long-tailed bats were more abundant in the 
Hanging Rock area. 
Long-tailed bats are thought to have arrived in New Zealand, at least one 
million years ago (Daniel, 1990). By this time short-tailed bats (Mystacina spp.), 
believed to have been in New Zealand since its separation from Gondwanaland, had 
evolved partial flightlessness and had become exclusively forest dwelling (Bishop, 
1992). Long-tailed bats therefore found themselves to be the only typical 
insectivorous bats in New Zealand and have exploited most of the potential foraging 
habitat types within New Zealand. Long-tailed bats may have even adapted to 
become more generalist in their foraging than their closest relatives in Australia. 
Chalinobus spp. in Australia, while also noted to forage in a diverse range of habitats 
(Lumsden and Bennet, 1992), apparently display a propensity to fly in more open 
habitats than long-tailed bats (O'Neill and Taylor, 1986). 
Althoul??h !ong-tailed bats preferentially foraged in certain habitats during this 
study, they were flexible about the type of habitat in which they foraged. Anecdotal 
records from around New Zealand suggest similar flexibility; long-tailed bats are 
recorded from a wide range of different habitat types (Daniel and Williams, 1984; 
Molloy, 1994). During this study, bats foraged in habitats that differed markedly in 
both physical and structural composition. Consequently, I consider that availability 
of suitable foraging habitat is unlikely to be an important influence on the 
distribution of long-tailed bats in South Canterbury. 
The principal factors suggested to be affecting the distribution of long-tailed 
bats in South Canterbury included: 
1) insect abundance; 
2) introduced predators: rats, stoats and cats and 
3) availability of secure roosting and hibernation sites. 
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Long-tailed bats in this study exhibited nightly activity patterns that were 
similar to other temperate insectivorous bats, indicating that they also alter the 
intensity of their foraging activity in response to changes in insect abundance. It is 
reasonable to expect that the distribution of long-tailed bats in South Canterbury 
might similarly reflect variation in insect abundance. However, although insect 
abundance recorded during the study was found to be considerably higher in the 
Peel Forest study area than at Hanging Rock, bat activity showed the opposite trend. 
Feeding rates at both study areas were similar, suggesting that food supply was not 
limiting bats at Hanging Rock. 
I propose that it is a combination of introduced mammalian predators and the 
availability of secure roosting sites that is the primary influence on the distribution 
and abunda~ce of long-tailed bats in South Canterbury. Predation by stoats has been 
implicated as a major factor in the decline of New Zealand's hole nesting birds and 
they may be having a similar impact on long-tailed bats because they also roost in 
tree holes (O'Donnell, 1993). Recent evidence that long-tailed bat populations are still 
declining (Molloy, 1994), despite a marked reduction in the rate of forest clearance, 
suggests that another factor is involved. Introduced mammalian predators are likely 
to have greater accessibility to bats in Peel Forest as they are roosting in tree hollows. 
At Hanging Rock, bats roosted predominantly in limestone crevices, which were 
inaccessible to ground predators. I believe that it is these roost sites coupled with the 
flexibility of long-tailed bats to foraging in different habitats, that allows bats to be 
more numerous at Hanging Rock than at Peel Forest. 
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The same argument, I consider, can be extended to explain how long-tailed bats 
persisted in South Canterbury. Habitat generalists have a greater capacity to survive 
habitat fragmentation as they are able exploit new habitats more easily (Harris and 
Silva-Lopez, 1992; Sarre et al., 1994). Long-tailed bats in this study foraged 
extensively in willow copse demonstrating their adaptability to foraging in new 
habitats. This adaptability may also explain why long-tailed bats were able to 
colonise New Zealand. 
Daniel and Williams (1984), noting the significant Australian element in New 
Zealand's avifauna and that species of Australian Lepidoptera cross the Tasman 
regularly, were surprised that "of at least 10 genera of insectivorous microchiroptera 
in eastern Australia", only the genus Chalinolobus has dispersed across the Tasman 
Sea to New Zealand. Caughley (1963) commented that, based on zoogeographic 
theory, New Zealand is more likely to host four genera of bats instead of two. 
Although this study cannot explain why other insectivorous bats failed to colonise 
New Zealand it is suggestive of why long-tailed bats were able to. Long-tailed bats 
belong to the Vespertilionidae which is the most widely dispersed family of 
mammals. The genus Chalinolobus is also widely distributed, occurring in Australia, 
New Guinea, New Caledonia and New Zealand. Chalinolobus spp. may be more 
generalist about foraging habitat than other species thereby allowing them to colonise 
new areas more readily. 
Limiting factors on the South Canterbury population 
I believe that roost sites may now be at a premium in South Canterbury. In this 
study, radio-tracked bats displayed a low degree of fidelity to individual roosting 
sites but restricted their roosting almost exclusively to one limestone biuff in the 
Hanging Rock area. Many of the roost sites located during the study were used 
successively by different bats suggesting that the number of roost sites was limiting. 
Additionally long-tailed bats have been found roosting in farm buildings and other 
artificial structures in South Canterbury, implying a shortage of suitable natural 
roosting sites. 
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Relevance of this study 
Research priorities for long-tailed bats outlined in the draft "Bat Recovery Plan" 
(Molloy, 1994) included: 
i) Develop survey and monitoring techniques. 
ii) Assess the threats facing mainland populations of long-tailed bats. 
iii) If long-tailed bats are found to be declining, determine causes and 
develop methods to protect populations on the mainland. 
iv) Assess breeding ecology, home range size, diet and habitat use of long-
tailed bats. 
Evaluating the current conservation status of long-tailed bats has been outlined 
in the draft recovery plan as essential before management can be undertaken (Molloy, 
1994). This objective constitutes a large component of the research in the Eglinton 
Valley, Fiordland (O'Donnell, 1993). While the demographic status of the South 
Canterbury population was unable to be determined, areas where research on the 
status of the population could be undertaken were identified. Furthermore, a 
preliminary distribution of long-tailed bats in South Canterbury was established and 
censusing o~ ba~ roosts was carried out by counting the number of bats emerging 
from roost sites at dusk. By carrying out follow up surveys of distribution and the 
number of bats occupying roosts, it may be possible to confirm whether this 
population is declining. 
Another important aspect of research in the Eglinton Valley is to identify the 
threats facing long-tailed bat populations (O'Donnell, 1993). In this objective, 
O'Donnell's research is complemented by research in the Urewera National Park on 
the distribution, foraging and roosting ecology (N. Gillingham, in prep.) and 
predators and roost sites of long-tailed bats (J. McLennan, in prep.) and this study. 
In contrast to the South Canterbury population, concurrent studies focus on 
populations at higher densities and in relatively unmodified habitats. Comparisons 
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. of the roost selection and fidelity, activity patterns and foraging ecology between 
these long-tailed bat populations may lead to the identification of patterns specific to 
each population. By correlating these patterns with the differing external influences 
each population is exposed to, factors that are limiting populations may be 
highlighted. 
The difficulties of identifying threats to a species are considerably lessened by 
studying a population on which the limiting factors are of high intensity, because the 
threats to such a population are generally more visible. This study focused on a low 
density, highly fragmented long-tailed bat population existing in a very modified 
habitat. Consequently, the limiting factors on this population were expected to be of 
high intensity (O'Donnell, 1993). In this study, the abundance and availability of 
secure roost sites was identified as the primary influence on the distribution of long-
tailed bats in South Canterbury and potentially a major limiting factor on the 
population. 
Future research 
The results of this study imply that the abundance and availability of roost sites 
was limiting the South Canterbury long-tailed bats. This has important implications 
for management and I suggest that the influence of roost sites on the abundance and 
distribution of long-tailed bats be followed up in other areas. 
Aspects of the ecology of the South Canterbury long-tailed bat population that 
need further research are the demographic status, distribution and the foraging 
requirements of male bats. Anecdotal records suggest that the South Canterbury 
population is declining, thus it is critical that its status be assessed. Although I only 
caught a small number of bats during the study, it is disturbing that no juveniles 
were caught. The only evidence during this study that reproduction had occurred 
was the capture of one lactating female on 31 January 1995. To assess the status of 
the South Canterbury population, the demographic structure of the population needs 
to be determined. This requires being able to identify individuals and forearm 
banding has been identified by Colin O'Donnell as an acceptable method for use on 
long-tailed bats. Long term monitoring is necessary to establish population trends. 
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A thorough examination of the distribution of long-tailed bats in South 
Canterbury is necessary. The distribution survey completed at the beginning of this 
study was designed primarily to identify study areas for this research and was not 
meant to be a rigorous assessment of bat distribution. Long-tailed bats are likely to 
be found in other areas within South Canterbury and possibly occur to the north and 
south of the region. There is also a chance that long-tailed bats occur in localities, 
other than South Canterbury and Southland on the eastern side of the South Island, 
though the lack of recorded sightings makes this prospect unlikely. Areas such as 
Weka Pass, that also have extensive areas of limestone, would be obvious localities to 
search. 
The foraging area requirements of male bats were not determined in this study. 
Males may have'different foraging area requirements from females that also need to 
be taken into account when setting up recovery p'rogrammes. 
Management recommendations 
South Canterbury population 
I consider protection of roosting areas essential to the long-term survival of the 
South Canterbury bat population. The implementation of such protection is 
complicated by many roosts and roosting areas being located on private land. 
However, during this study, considerable interest and concern was displayed by 
land-owners who had bats roosting on their property. I believe that with the 
cooperation of land owners it will be possible to protect current roosts and even 
create new roosting habitat for long-tailed bats in South Canterbury. 
I believe the main limestone scarp at Hanging Rock, that is also on private land, 
is a crucial roosting area for long-tailed bats. The most suitable protection of this 
area would be under a protected private land agreement (section 76 of the Reserves 
Act 1977). This would give the Hanging Rock limestone area reserve status and 
protection under the Reserves Act 1977. The limestone outcrops in this locality also 
have special significance to Maori because of the many rock drawings (Oliphant, 
1990). Thus appropriate management of the area would be as a nature and historic 
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. reserve. Another possibility is a Queen Elizabeth II covenant (section 22 of the 
Queen Elizabeth the Second National Trust Act 1977). Both covenants are usually 
registered against the property's title and therefore bind future owners (Milne, 1993). 
Rock climbing on the Hanging Rock scarp needs to be restricted. Areas where 
bats did not roost are still suitable for rock climbing but routes that pass over or near 
roosts should be removed. I recommend that grazing of the area directly below and 
above the limestone scarp be either discontinued or severely restricted. This area, in 
which two roost sites were found, contains regenerating native vegetation that is 
under threat from browsing stock. 
Important roosting areas in South Canterbury, other than the main limestone 
escarpment at Hanging Rock, need to be identified. The limestone outcrops in the 
Raincliff area are also likely to be important roosting areas. 
I propose the implementation of artificial roosts as a conservation strategy in 
areas such as Peel Forest and Talbot Forest, where bats may be vulnerable to 
predation inside roosts. Artificial roosts have been provided for many of New 
Zealand's hole-nesting birds, e.g, saddlebacks (Philesturnus carunculatus) (Lovegrove, 
1991) and Chatham Island black robins (Petroica traversi) (Butler and Merton, 1992), 
and have been used as a successful conservation measure for bats in Europe and 
North Amer!ca for many years (Greenhall, 1982; Stebbings and Walsh, 1985). A 
design for the construction of an artificial roost suitable for use by long-tailed bats is 
provided in Appendix II. 
The foraging areas used by bats in this study include areas that may be under 
threat. The willow and alder plantings along the Opihi River system were planted as 
a buffer for flood control but are also used as a source of firewood. These areas were 
an important component in the foraging areas of long-tailed bats and were used 
extensively for night roosts. One day roost was also found in a willow tree. I 
recommend that mature willow trees should not be felled in the Hanging Rock 
region and that stands of mature willow trees are left unharvested down the length 
of the Opihi River. 
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Other populations around New Zealand 
During this study, long-tailed bats changed roosts regularly and research in the 
Eglinton Valley suggests similar patterns (c. O'Donnell, pers. comm.). This makes it 
difficult to protect individual roost sites. However, if long-tailed bats are found to 
display fidelity to roosting areas in other areas then management is possible. 
Predator control has been used successfully in New Zealand to conserve other 
species, e.g., kokako (Callaeas cinerea) at Mapara, Te Kuiti (Field, 1995) and could be 
carried out as a conservation strategy for long-tailed bats through critical parts of the 
year such as during winter and spring. 
I suggest that a trial be set up using artificial roosts in an area where long-tailed 
bats are still at relatively high densities. Such a trial could be used to generate 
information on designs of artificial roost likely to be favoured by long-tailed bats and 
if they are likely to .be a successful conservation measure for long-tailed bats. If this 
method is proved successful then this could be employed as a conservation measure 
in areas of New Zealand where original forest cover is depleted or predation levels 
are high. 
I consider more emphasis should be placed on specific populations such as the 
South Canterbury long-tailed bat population. Evidence supports a cline of increasing 
body size with latitude (Daniel, 1990; C. O'Donnell, pers. comm. and this study) 
which is a common phenomenon in mammals and is known as Bergman's Rule. 
However, South Canterbury long-tailed bats appear to possess characteristics not 
present in bats from the Eglinton Valley (c. O'Donnell and J. Sedgely pers. comm.) 
and it is possible that the South Canterbury population is distinct. 
Afterword 
Long-tailed bats are endemic and one of only two indigenous land mammals 
found in New Zealand. They are also the only species likely to be seen by the 
general public (Daniel, 1990) and thus the only means by which many New 
Zealanders can gain a glimpse in to the world of bats and New Zealand mammals. 
They therefore have special significance to the New Zealand public. 
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Long-tailed bats represent one of the few remaining links that South Canterbury 
has with its former flora and fauna. The South Canterbury long-tailed bat population 
is at risk and without concerted effort is likely to become extinct. A recovery 
programme is essential if we are to preserve this vulnerable population. South 
Canterbury would be a much poorer place if it long-tailed bats were to disappear 
from its night skies. However, I believe that by channelling the interest and concern 
shown by the many South Canterbury people I met during the course of this study, 
this loss can be averted. 
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Appendix I 
Method used for distribution survey. 
Set the detector to 40 kHz. 
Slowly walk a one kilometre transect so that it takes 
complete (approx. 3 krn/h). 
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c.20 minutes to 
record the number of "bat passes". One visual pass is defined as the time a bat 
is within the observers field of view. If the bat disappears and a second 
sighting is made later on the transect this is recorded as another pass, although 
the observer will have no way of knowing if it is the same or a different bat. A 
"bat pass" on the detector is a set of two or more echolocation calls as a single 
bat flies past the microphone. 
Record the maximum number of bats heard 'or seen at one time on the count. 
Record the start and finishing times of the transect. 
Record the transect type and habitat use. 
Measure air temperature, humidity, and weather conditions at the beginning 
and end of each count. 
Record insect activity using visual observations. 
Record total number of bat passes. 
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Appendix II 
Artificial Roosting Boxes 
strip of rubber as hinge for lid 
backboard ~ 
D catch to secure lid 
I 
".-~ - -----
1 '13C~ ~ 1~~ I i 
1'1 I 
38c i )---12cm-- 1~cm 
j
: ~. I 
~ 1 
.. ~ocm-I~) \ 1 
Dc entrance 
1 J" 2.5cm 
landing area 
Above is an outline of a standard design bat box that may be suitable for long-tailed 
bats. The box should be constructed of untreated, relatively waterproof timber that is 
at least 2 cm to provide adequate insulation. Old woollen sacking material could be 
used to line the inside of the box to provide extra warmth. The joints should be 
nailed and glued using waterproof glue. The surfaces of the box interior and the 
landing platform should be extremely rough. Rough sawn timber is ideal but, if this 
is not available, grooves can be cut in the wood (Sedgeley, 1995). 
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Most of the dimensions of the box are flexible but the width of the entrance 
should be no more than 3 cm so that introduced mammalian predators and hole-
nesting birds are excluded. The positioning of the box is important; boxes should be 
placed where they receive direct sunlight through part of the day and as high on the 
tree as possible. Placing several boxes on the same tree at various aspects provides 
bats with range of micro-climates (Stebbings and Walsh, 1988 in Sedgeley, 1995). 
Stebbings and Walsh (1988) also recommend positioning boxes so that bats have a 
clear fly-way to and from the box. 
